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ULTRASTRUCTURE STUD IES OF PASTA. A REV IEW. 
P. Resmini and M.A. Pagani 
ISTITUTO DI INDUSTRI E AGRAR I E. UN IVERSITA' DEGLI STUD! 
Via Ccloria 2 
20 133 Milt~n o, It aly 
Abst ract 
Free7c-fracturing ca n be used effect ive ly to stud y pasta micro-
struc ture bo th in th e dry and cooked state. Aft er a wa ler-
glyc(• ro l soaki ng. conven tio nal raw wheat past a shows an 
uncoagulatcd pro tein matrix in which the starch granules are 
un iforml y dispersed. St arch granules appear unswo\lcn with a 
spheruliti c structure. Extensive protein denaturation and starc h 
swelling may occur during processing when a temperat ure 
greata than 60° C is att ained in dry ing. Extensive stru ctural 
transformations t;tk e place in cooking. A fibrillar protein ne t-
work which enve lops gelatinized starch is th e typ ica l stru cture 
observed in cooked durum wheat spilghetti. Wh ereas. in so ft 
wheat product s, th ere is a kss extensive protein framework with 
more diffuse starch p<~rticles. 
Pasta coo kin g qualit y is det ermined by a physical compe titi on 
between protei n coagulatio n into J continuous netwo rk ( I) and 
starch swell ing with sphe rulit e sca ttering (II) during cooking. 
If the former (I) prevalls, starch particles are trapped in th e 
network alveol i promo ting firmness in coo ked pasta : Whereas. 
if the latter ( II) prevai ls, the protein coagulates in discrete 
masses J.1cki ng a co ntinuous framewo rk and pasta will show 
softn ess and usua lly stickiness. High temperature- low mo istu re 
(HT-U.·t) d rying p:1rtially overcomes this competit ion by 
producing a coagulated protein framework in dry pasta withou t 
sta rch swelling. 
I-IT-LM treatment induces prote in-st arch interactions and 
conformationa l changes in th e starch granule fine stru cture 
during cooking. Li near and branched chain-like fibrils appear 
in th e co re of th e granu les and particle groupings in th e outer 
area. The better und erstanding of the role of controlled starch 
modifica t io n which optimizes pasta processing permit s bt::tter 
usc of non-co nventional raw materials in pasta prepamtion. 
Initi a l paper received January 13. 1983. 
Final ma nuscript received f~ay 13, 1983. 
Direct inqu iri es toP. Resmin i. 
Telephone numbe r: 039 2 2365426 . 
Key Words: Wh ea t Oour. rice Oour, heat starch modifica tio n. 
prote in coagulation , pasta, cereal foods , drying co nditions, 
freeze- fract uring , cooking pasta quality . 
Introduction 
The wo rld-wide popularit y o f pasta and its increasing con-
sumption are stimulating t he deve lo pment o f technologies to 
ob tain new products which sometim es show su rprising cooking 
qua lit ies. considering t he charach: ri stics of the raw ma te rials. 
Indeed, phenomena in volved in th e processing and cooki ng of 
this food are not com pletely understood and . since o ur country 
is an important producer of pasta-making equipmen t. we felt 
the need of st udying th em. T he objec tive of o ur investigations 
w:1s to try and furth er unde rstand th ese phenomena in order to 
o ptimize pasta production equipm en t and drying cycles. 
Basic research on pasta , as we ll <IS on o th er ce rea l or starch 
based foods , requires consideration of th e produ ct's water 
di stribution , changes in th e int ernal fin e stru cture of starch 
gr:u1Ul es and interactions in th e pro tein matrix. All o f these 
factors may be studied with high reso lut ion e lec tro n microscopy 
(EM) tec hniques. In 1975 ( 691, we start ed to usc th e systemati c 
contro l of the ultrastruct ure by freeze-frac turin g (FF) technique 
in th e pasta resea rch. T his has been recently recogn ized as a 
pro mising method to st ud y cereal product st ructures [ 341. A 
high water con t en t (e.g. cooked pasta, 50-70%) m:1y have 
disrup ti ve effects in the prepa rat ion of sam ples 1141, an EI\.I 
technique inducing m inimum damage is requ ired, so we se ldom 
use the better known freeze-etching (FE) technique [ 14. 16, 
43). We feel that et ching might p romote segrega t ion phe· 
nomena inside the fine structures of highly hydr:1ted com-
ponents [4 1. 
In thi s revi ew, ou r observations o f the ultrastructu re o f pasta 
made with different commercial raw materials (i .e. durum whea t 
semo lina , so ft wheat flour. ric e starch and ri ce nour) are com-
pared with published data. emphasiz ing implications of th e 
results to co nsumer acceptability of th e produ c ts (l!.g. cooked 
pasta firmness and stickiness) as we ll as th e deve lo pment of new 
ingredient and processing technologies. 
All th e raw samples were soaked in a water-giyccrol so lut ion 
prior to FF. This step yields a detailed view (cross-fracture) o f 
component fea tures otherwise impossible to see in these limited 
moisture systems ( < IS% water). Moreover. for d ry pasta 
soak ing in water-glycero l is necessa ry in orde r to produce a 
cross rather than a surface- frac ture, and not to break the knife. 
Cooked samples are usuall y not soaked with a c ryoprot ec tant 
(sec Appendix). To be tt er understand pasta ultra structure as 
shown by FF , it is necessary to conside r the ultrastructure o f 
the isolated starch and gluten, before and after hea t trea tm ent. 
P. Ri.!Sinini and ivi. A. Pagani 
Starch 
Wa shed s tan.: h e~traded from cornmcn: ial whea t floor :u.:-
cord ing to B:mk~ :mel Greenwood 161 :md freeze- fractu red 
reve:ds a com pac t sphcrulitic texture in th e ~:~ ranules (fig. Ia) 
169. 71\ in agreemen t wi th what Fretzdorffe t a\. report by FF 
134] ;me\ many ::~ uthors observed by FE I L 8, \3, 16. 41. 
43. 50. 63]. T hi.! S<lrne tex ture is shown in rkc sta rch ( F ig. lb) . 
No app:~rent swell ing is pro mot ed by washing, :md th e water-
glyce ro l soa king does not cause visible mod ifications. as stated 
by Leonard and Sterling !50 I. The diaml.!lers of the granu les 
rang!.! from 1 to mo re th :.m 20 1Jll1 137, 39 . 46]. We oftl.!n fo und 
l:Hgcr sizes in common so ft wh ea t flours (i. e .. without co n-
sideri ng th e hard wheat var iet ies) compa red to dunnn wheat 
~emo lina. as recen tl y confirmed by Scanning Electron Micro-
sco py (S EM) !60\. Assuming th at granu le size influences its 
gd:lliniza t ion tempera ture [7. 20. 37]. a sta tisti ca l eva lua t ion 
of tll c~c differenct·s may be useful for pasta st udi e<:. bearing in 
mind that cooking quali ti es are usua ll y bcltt.!r in durum whea t 
than in soft whea t pasta. The granul e spheru litt'S arc 5·20 nm in 
diameter. Mi.ihll!lhaler 163] hypothesized that the range in s i7t'S 
cou ld be due to a specific arrangemen t of amy lose and ;1m ylo· 
pectin mo lecu les in th e sp herulit es. Several strw; tura l changes 
may take place when starch granules are heated under differen t 
time-tt.!lllpcm tu rc-moisture cond itions: 1) progressiw swel lin g of 
granu les w hich promote~ a size in crt:a se of the spheru lites: 1) 
shape ch:mgcs: 3 ) loss of orde red struc ture [gt:latinization, 21, 
37 1: 4) co ll ap~e and 5) so lubilization and reori en tation of 
po l yme r~ 17. 47] . 
F F i~ a suit able method to follow th ese hydr:llion :md 
transition st :lles in th e granuks. Wh en exam int.!d :tftcr frt.!CZe-
fra cture. lwat modified rice starch granules :tppear swo ll en with 
:thigh deg.rct' o f dispers ion of th e native sph t:rulite:- still showing 
ev idence o f thei r polygona l t ype shap!.! (F ig. 2a ). Und er mo re 
int cn::.l' h t.!:lling, wheat starch granules absorb more w:ttcr, 
ge l:it ini7c and lo~e the distinctive stru ct ure of the granuh:~ 
(Fig. 2b ). In high temperature-low moisture treat ed wiH::tt 
pa ::. ta. th e gran ules may exh ibit. a ft er coo khll;\ . linear :mel 
b ra ndll'd ch:lin s in th e core and sub unit gro uping.., in ou ter 
a re:t (Fig. 2c ). A to t;1l dispersion of th e spherulit es b ob::.c rvcd 
in ~olub ilized rke stan:h ( F ig. 2d). A chain-liJ.. e fib r il pattern b 
::.ecn in re t rogra<kd starch (Fig. 2c). R ecent\ ~. the f ibrous 
fe:tture-. of retrograded starch have bee n found by FF in bread 
c nnn b 134] and ~larch swe lling was t•xamined by FE du ring 
cake-ba tt e r heat ing 116. 12. 43\. ll t'atccl tapioca starch wa~ 
n.: port ed to show a hone yco mb-like network by FE 12 1. but we 
we re not ab le to find si milar structu res in whea t o r rice starch. 
Since a p:tttcrn of regular hexagonal arr;~ngem t.! nt s ca n be ob-
tain ed by FE of a d ilut e (5%) glycerol so lution [4] , one might 
:tssume that so me scg r eg::~ tion pheno me na are involved . 
With SEM. th e progressive structural changes in hea ted st:m.:h 
granules arc easil y obscrwd [II , 15. 36. 39. 401. SEM studi es 
o f sta rch ultrastru cture deal mainly with dwngcs in th e su rface 
morph o logy of th e granules. Miller c t al. 161] pointed ou t a 
fibrillar stru cture in a gelatiniz.ed starc h exuda te. probab ly 
fo rm ed by amy lose chai ns 142 ] 1-i owevt• r FF is more feusiblc 
than SEM to ~tud y modifi ca tions in starch fin e st ruct u re due 
to it s higher reso lving powe r an d lowe r risk of produc ing 
a rtifacts during sample preparation 114 . 2 11 . Nevertheless. 
because of the lack of a three-dimens iona l image and the 
limit ed field of view in FF micrograp hs. we think that a 
comparison wit h SEM pictures may help to avoid misi nter-
pre tation in cornplt'x struct ural systems stu.:h as pa ~ta . 
~\_,' ~ -
tl\ ~ ~ . 
"' -- 1 ~1-m 
F ig. 1. Starch granu les (s) surround ed b y water (w) . a) wheat 
o;;t;1rch. b) rice starch showing the characteri s t ic po lygo nal shape 
oft he gra nules . 
G luten 
Glute n ext racted from com mercial d urum wheat semo lina , 
according to Lasz tit y (48, 491 . ex h ibits a loose protein fr amt.!-
wo rk a ft er FF (Fig. 3a). A ftcr cooking in boil in g ta p wate r. th e 
matri x looks more comp:.tct a nd co ntr:1c tcd (Fig . 3b). These 
gluten modifica t ions promoted by hea t ing arc a lso found in 
tht• protein matri x of cooked pa,.ta. They play an impo rt ant 
rol e in determ ining the ultra stnJ Cturc :md the cooking qua lit ies 
o f pasta. 
The thinnest fibril s o f gluten (c h:1 ins of :1 ligncd prot e in sub-
unit s) have a thi ckn ess of 10 nm. Thi s figure was:tlso reported 
by Bernard in and Ka sarda !10] for shadow-casted protein 
strands in wheat e ndospe rm . Raw glut en ex hibit s a fibrillar 
shape wh en observed by thin -sect ioni ng and SEM !1 8 \ . Cum· 
min g and Tung \19\ . u ~ ing SEM , repo rt :1 fibrill~tr protein 
ne twork in commerc ial glut e n on ly whe n it is kneaded with 
water an d stre tched. ll owcver th ese patterns p robab ly present 
so me prepa ration al art ifa c ts as repo rt ed by Dronzck et aL [32]. 
Dronzck c t al. [31 \ re ported that durum whea t gluten shows 
t hicker fibrils than hard red sp ring whea t gluten. 
Wheat flou r 
F reeze-fractured unsoaked se molina (Fig . 4a) docs not show 
details of the compo ne nt s. whereas sa me soa ked. but su rface-
fra ctured, sample (F ig. 4b) does no t exhibi t th e int erior struc-
ture o f the starch granul es as in soaked cross-fra ctured se molina 
Pasta Ultrastruc ture 
Fig. 2. Heat -treated starch. a) dough of ri ce starch and water 
(4 :1) heated at 90° C for 15 min , ex truded and then dried at 
low temperature: ro ugh po lygo nal o utline of the granules is 
still visible. b) wheat starch cooked in bo iling tap wa ter fo r I 5 
min . c) whea t starch granul es in cooked HT-LM spaghetti (sec 
the tex t) with fibril s (sf) in the central area and particle agg re-
ga tes (a rrows) in the o ut er part . d ) rice s tarch overcooked in 
bo iling tap water. c) retrograded starch in cooked rice pas ta. 
F ig. 3. Durum wheat gluten. a) uncooked: b) cooked. Lipid 
inclusions (1), water (w) , pro tein fibril s (p) and gelatini zed 
starch material (sm) arc shown. Note tha t the free pro te in 
pa rticl es (a rrows) in a) are not visible aft er cooking. 
P. Resmini and M.A. Pagan i 
Fig. 4. Durum wheat semolina cross-fractured without soaking 
(a) and , after soaking, surface-fractured (b) or cross- fra ct ured 
(c). Starch granules (s). protein matrix (p). lipid inclusions (1). 
membrane residues (m) and water coat (arrows) around the 
starch gra nule. 
(Fi g. 4c). The sta tement of Chabot [ 141 concernin g the ad-
vantage, in limit ed water systems. of a preli minary wa ter 
ex posure for produ cing high resolu t io n microg raphs is quit e 
pe rtin ent here. The starch granu les . d ue to a su rro und ing wa ter 
coat at least 30 nm wide, do not adhere to the pro tein mat rix 
which looks unifo rml y di spersed in the soaking system. We 
can no t sta te if thi s wat er laye r is due to starch shrinkage 173 1, 
pro tein shrinkage 174 , 75\ , hydration o f solu ble pro teins 18] 
o r an osmophilic a n~a. However, we always fi nd it in nour, 
do ugh and dry past a soaked in water-gl ycerol as we ll as in cooked 
pastil witho ut preliminary soaking. Extensive starch·protei n 
intera ctio ns <~ppC<lr only in cooked pasta manufactured und er 
Fig. 5. Uncooked spaghetti o f durum wheat (a.b) and soft 
wheat (c). Starch gra nules (s). protein matri x ( p) with protein 
strands (f) . Water coats (arrows) are clearly seen when the 
protein material is very close to the gra nules. 
high temperature-low moisture conditio ns. 
Taking into account the hyd ratio n c ff~ct on the pro tein 
matri x and that the water coat could no t be seen by SEM. the 
ultrastructure o f freeze-frac tured semo lina is in agreement with 
the SEM o bservatio ns which showed the st arch granules to be 
encased in an amorphous protein matri x [ 26. 28. 59] which, 
due to partial hydra tio ns. begins to coa t over the gnmulcs 145 ] . 
Pro tein fin e stru cture does not diffe r systematicall y in semolina 
and soft wheat nour as o bserved by FF, even t ho ugh character-
isti c and different fea tures are not iced by SEM fo r these two 
raw material s (28. 601. ~ .. Joreover, SEM microg raphs o f Moss 
et al. [62 ] perform ed on t he soft wheat endos perm show that 
the continuity o f the prote in matri x ma y be related to the 
grain hardness. 
Pasta Ultrastructure 
Wheat spaghetti dried under co nventio nal co nditions 
Conven t ional p;lsta processing involves the mixi ng o f sem-
ol ina o r nour with wa ter ("'30%), kneading, ex trusion at 80-90 
bar and drying cycle usually below 55°C for at least 20 h. Ruw 
commerciul durum wheat spaghetti shows (after FF) a st ruc tu re 
simi lar to a semo lina (Fig. Sa). There arc more ex tensive inte r-
act ions inside the protein matrix {protein-protein irHeractions). 
lacking, however a tcx turation in a compact and continuous 
framework (Fig. Sb). T he relatively low moisture con ten t o f 
pasta dough and the insufficient mixing during extrusion do not 
a llow the complete development of a gluten network as takes 
place in bread dough [3, 28, 59 ] Furthermore. the relatively 
mild drying condi tions (t ime, temperature. spaghetti moistu re) 
avoid ex tensive protein coagulation [25, 69 1 and visible starch 
granule modificat ions 117 , 23 ] , even though Li nta s and 
D'Appolonia [51! measured changes in the ca rbo hydrat es 
during conventiona l processing o f spaghe tti. No sta rch-protein 
associations are o bserved. con t rary to what is found in bread 
dough [33. 34 ] where the interactio ns are reportedly intensified 
by yeast ac tion during fermen tation . 
Contra ry to what we observed in conventio nall y dried past a. 
Banasik ct al. !51 not iced that the ex trusio n processing step 
promotes :1 partial loss of starch granule structure. Their results 
arc probably related to d ifferen t ex trusion tem peratu res. High 
tempera tures may easily lead to st arch and protein modificatiOns 
154 ] . considering the high pressu re and rela ti vely high moistu re 
of pasta (30%) in ex trusion processing. 
Even if t he ex tent o f the interactions inside t he pro tei n 
matrix of dry pasta is re lated to the qua lity and quantity of 
gluten 15 . 35], common so ft wheat and d urum wheat spaghetti 
show a simi lar pattern by FF (Fig. 5c). Therefo re. it is usually 
impossible to predict the cooking quality o n the basis of the 
Fig. 6 . Cooked spaghelti of durum wheat (a .b) and soft wheat 
(c,d ). b) is an SEM microgra ph of cookeddurum whea t spaghetti 
freeze-dried and cross-fra ctured , reported by Angold (3). 
Starch materia l {sm) with chain ·like fibrils {c), protein fibrils (p) 
and prote in aggrega tes (pa). Arrows indicate thinner protein 
fibril s. 
conventio nal raw pasta ultrastructu re. The same conclusions 
were reached by opti ca l microscopy !54, 55!. 
When viewed with SEM. raw spaghetti exhib it s a d1fierent 
feature between the inner and the outer part. The latter presents 
a smooth continuous enveloping pro tein film, the rol e of which 
in de tennining cook ing pasta quality is not clear 126. 28 ]. In 
the inner part , an amorp ho us prot ein matri x coats the sta rch 
granules ! 26, 59]. Dunm1 and soft wheat spaghetti exhibit 
similar st n1 cll1res ! 60] 
Cooked cormnerci:1l durum whea t spaghett i shows a compact 
fibri ll ar ne twork of coagulat ed pro teins that envelops t he 
gelatinized sta rch gra nules (F ig. 6a). There ure no significant 
di fferences between t he inner and the ou ter part of pasta 
cross-sect ion provided that the spaghetti is complet ely cooked. 
In the FF micrographs o f cooked spaghetti the protei n is easily 
recognized because o f fin er granu lar stru cture and lipid inclu-
sions. We can compare the pattern of Figu re 6a wi th the SEM 
structure reported by Angold [31 in cross-sectioned cooked 
durum whea t spaghett i (Fig. 6b). kee ping in mind the possible 
artifacts introduced by bo th prepa ra ti on methods. In these two 
micrographs, it is cl ea r that the starch particles are enmeshed 
in the protein netwo rk and consequent ly inside the spaghetti . 
In soft wheat spaghetti prote in usuall y tends to coagu late into 
discret e masses (Figs. 6c. 6d) . The sta rch spherulite di stribution. 
due to t he discontinuity of the protein matrix, is more di ffuse 
and therefo re. the granules arc easily removed from the net work 
( 69, 7 1, 72]. Many autho rs {5 , 26, 35, 541 corre late the qua li ty 
P. R~"mini and ~I.A. Pagani 
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<.~nd quantity of thi s network to th e p h ysic;tl prnpcn ie~ of th e 
cooked pasta. These properties may al so he affec ted by th e 
slaH:h-protcin ratio at th e surf:H:e of the sp:tghell i [78 1 and by 
the protein film coating the spaghetti surfarc which (.;a nnat be 
observed by FF . 
On the basis o f our EM observations we havl' cundud ed that 
coo king co nve nt iona lly dried pasta induce~ two opposi te 
phenomena : complete inlt' raction of coag ulating protei ns :ltld 
starch swe lling and ge latinizatio n. Since lwat denat uration of 
glut en [80\ and wh e:ll starch modifica tion !. 1:!3, 27 ] tak e 
place at appro ximately the same cooking co nd it io ns (moisture 
and temperature). bo th cont ribu te to pa), ta quality. In the 
interspaccs betwee n th e granules , pro te in coagul<~tion and 
int e rac tion leads to th e fo rmulation of a con tinuous :md 
strengthened network which traps the starch while the latt er , by 
swelling and gela tini zing. occludes these int crspaces. Therefo re, 
it seems reaso nable to assume that a ph ysical compe tition ex ists 
between these behaviou rs. The fa ster th e starch swe lls and sphe r-
ulit es disperse. the slower the rat e of pro tein interact ion and 
weaker the prot ein ne twork inside th e sp:tghctt i. If the inter-
act ion of th e coagulating prote ins is more rapid than the st arch 
swe lli ng and gel:t tini za t ion :md th e protein network is strong 
and c last ic enough to prevent breakages IS, 32. 58 \ . the coo ked 
pasta will be firm. In the opposite case, th e pasta wil l be so ft 
and usua ll y sticky . Assum ing that thi s is true. the factors which 
can improve co nventio nal pasta cooking quality are: high 
qua lity and quant it y o f glLII en IS , 24. 26 , 32, 35, 57. 58. 69. 
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Fig. 7. Dr ying cycles performed during th e processi ng of 
ex perimental spaghelli. a) co nventiona l condi tio ns: b). c). d). 
high temperature tre:ttmcnt s at diffe rent spaghetti mo isture. 
79 \ : it s unifonn dist ribution in the granule int ersp:tces 162 \ : no 
rand om hem denaturated pro teins in dr y pasta 135. 54. 55 1 bu t 
good coag ulabilit y of whea t prote ins during cooking 129 \ and 
the add ition of solubk: pro te ins with a low coagu latio n tem per-
at ure [35. 69] The main detrimental fac to r is a low st:t rch 
gelatinization ternpcr:tture which can be rdat cd to th e type o f 
starch 127 , 40. 46 \ . th e sizl.! o f gram1 lcs [the large r th e size, the 
lower the ge lat inizat ion temperat u re 7. 20. 37\. and th e 
wat er avai l:tbility 123\ Dr y pasta is a very limited wat t::r system 
Therefore. when cook ing begins a competitio n fo r water is 
established bet ween the starch and pro te in . The less protein 
surrou nding the granul es. th e faster the rate of st :m;h swell ing 
and gelatiniza tion 123. 38. 56 \ . Furthermore. we can as!'umc 
that this competi t ion is mo re c ritical in the pe ri pheral p:trt of 
th e spagh etti where the hydra tio n of th e compo nent s tak es 
place quickly at th e beginning of the cook ing. 
On t he basis of the ;~b ovc di sc ussion , we be lt cr underst and 
the relationships th:1t exist be tw ee n raw lll<.tll.:rial char:tclc ris-
tics and pasta cook ing qua lit y. T he competition hypo thes is is 
not on ly support ed by the experimental data of the prev iously 
cited pape rs. but is co rro bo ra ted by th e findings that past a 
prepa red from the s;tlne gluten mixed with whe:ll st arches 
ex hibiting slightl y different gela tinization tcmperalltres show 
Pasta Ultra st ru cture 
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Fig . 8. Effect of pasta drying conditions on prote in solubilit y 
in dilut e ace tic acid so lution (0. 1% vfv). a) dried pasta (see 
Fig. 7): b) same as a), treated at 135°C for 15 min in a dry 
atmosphere. 
significantl y diffe re nt coo king qua lities (201. Rela tionsh ips 
bet ween the type of starch and spaghett i cooking properties 
were al so repo rted by Dexter and ~·lat suo 127 1. What we have 
postulated is confirmed by the following u lt rastru ctural studies 
on high temperature dried pasta. 
Pas ta dried with high temperature (HT) processing 
Some producers of pasta-making equipment have re cent ly 
introduc~d drying cycles invo lving con t rolled high t..:mpe raturc 
t rc;!tm cnt ( > 60" C - HT processing). T hese tt:chno!ogies. 
largely u ~ed in Eu rope and introduced to reduce drying times 
[66. 6 7 ] and rni r..: rob ial contamina tio n [52 , 53, 64,671 . may 
so me tim es improve pasta cooking qualities [1 2 ]. In order to 
under~tand this pheno me na. we hav e studied th e ult rastru cturcs 
o f l-IT :-,paghdti produced with common soft wh eat und er 
app ro priat e ex perim ental conditions (see Appendix). We repo rt 
he re o nl y th e ex perim en tal data rega rd ing common :-,oft wh e;ll 
spaglw tti becau:-,e it s ultrast ructure dea rl y demonstrat es th e 
pheno mena in vo lw d in t-IT proces!) ing. I-IT-II i\·1 (hig h tem per:tture 
dried past :1 with high mo isture con te nt). l-IT -MM (med ium 
mo isture) and IIT -U\·1 (lo w moisture) indicat e the l-IT cx pe ri-
me ntal dry ing cond itio ns. wh ile LT ( low temperil turc) indicat es 
co nve ntio n:~! processing. All th e drying cycle d iagram s :tre 
sho wn in Figure 7. 
liT proccs!)ing redu ces the protein solub ilit y as sp:tgh etti 
moi sture inc reases (Fig. 8). These results agree with wha t ha s 
bee n re port ed by other aut hors (30 , 3 1] and confirm th e 
relati o n:-, hip between heat sensitivity of vegetuble proteins and 
moi~ture conte nt [80] . HT-LM pasta exhibits th e best qua li ty 
:tftcr cooking. while I·IT-1·\M is worse than th e con tro l (LT) 
[Tab le 1). 1-IT -1-IM raw pasta exhibits, after soaking, a p:trtial 
swelling of th e -s t:m;h granu les and a discontinuous ndwork o f 
coagulat ed prot ein (Fig. 9a). The starch swel ling promoted by 
liT-l-IM trc:t lm ent JHeV t: nt s th e coagulating proteins from 
int er:tcting and fo rming a con ti nuous network and due to the 
ext ent o f stre tching. produces b reak:.Jge p rovided th e soft wheat 
has lo w glut e n qu a lit y and quant ity. After cook ing. the p ro te in 
netwo rk sho ws furth er breakdown (F ig. 9b) becau :-;e of th e 
st resses induced by th e pasta volu me inc rease . The resul tant 
pasta qualit y is poo r comp:tred to the contro l ( LT) (Tab le 11. 
In Figure 9b. some segrega t ion between the swoll en ~larch 
gr:.tnu lcs and prot e in m:ttrix cun be observed. In our opinion. 
thi s must be re bt ed to th e free wutcr content in this area :tnd 
co nfirms that no starch-protein interact ions have form ed . 
. ')';if / / . 
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Fig. 9. HT·HM spag he tti prod uced with soft wheat nour . 
a) uncoo ked. The prote in net wo rk (pn) loo ks disrupted :.tro und 
the partiall y swollen gra nul es (sg). b ) coo ked . The s tarch mat e r-
ial (sm ) appears unifo rm ly dispersed while the p ro te iu shows 
agg rega tes (pa ) and so me thin broke n fib r il s (arrows). 
Tab le 1: 
Cooking tes t on soft w hea t spaghe tti a) 
Cookin g tim e Cooked weight Coo king loss Spaghetti 
min g g quali ty 
A 
LT 10 300 6 .36 st icky 
HT - HM 10 313 6. 59 sticky 
liT- MM II 295 6 .28 mod erat ely 
sti cky 
liT- LM II 290 5.73 firm 
LT 15 280 5.62 firm 
l-IT- J-I M 15 291 6.4 8 moderat ely 
sti ck y 
IIT -MM 16 280 5.58 firm 
HT- LM 16 178 5.58 firm 
A : Spaghetti dried und e r e xpe rim e nt al co nditions (see Fig. 7 ) 
B: Dri t:d as A and then treat ed at 13 5° ( fo r 15 min in dry 
cond itions. 
a) Coo king is carried out o n 100 g d ry spaghetti in 1000 ml of 
tap wat er. Spaghelli qualit y is ev:lluat cd by a subj ective pro-
cedure. 
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Fig. 10. HT-LM spaghetti prod uced with soft wheat flour . 
a). b). uncooked . Unswollen st:uch (ug) are su rrounded by a 
continuous protein network (pn) : uncoagulated protein (p) in 
hydration water (w) are also seen. c) cooked. The starch 
material is arranged into fibrils (sf) in the co re of the granule 
and in small regu lar aggregates (sa) in the outer part. The pro-
tein network (pn) shows mainl y fibrils (arrows). 
Fig. 11. Diagrammatic view of changes which occur in the FF 
ultrastructure of dry and cooked pasta, regarding protein 
coagulation, starch swelling and its particle sca ttering. Empty 
circles represent starch particles and bl:lck points proteins. 
Upper Figu res (soaked dry pasta) : a (LT). b (HT-LM) , c (HT-
HM ). Lower Figu res (cooked pasta) : d (soft and usuall y stick y), 
e (firm). Transition from a) to d) implies use of low qualit y 
raw materia l; a) to c) high qu:llity raw material: b) is rather 
indeJ>endent of raw mat erial qualit y. while state c) is related to 
poor quality. No attempt is made here to sho w conformational 
changes o f the starch fine structure (sec micrographs). 
Fig. 12. LT conventio nal spaghetti after heat trea tment ( 135°C) 
under dry conditions. a) uncooked: b) cooked. Symbols are the 
same as Figures 9 and 10. Arrows indicate sta rch-protein 
interactions. 
Pasta Ult rastruc tu re 
During IIT-Uvl process ing starch swelling docs not tak e pl:~cc 
due to th e low spaghetti moi sture ( rv 14%) at th e high temper-
ature step ( Fi!; . 7d) and continuous coagula ted prote in fib ril s 
envelo pe th e granules :ts shown in Figure 10:-~ . The water la ye rs 
surrounding the st:~rc h granules could be du e to :t swe lling o f 
th C' dry pasta during specimen preparation which pro mo tes th e 
hydra ti o n o f uncoagulat ed prot eins (Fig. lOb) . During cooking 
th e mag nitud e o f th e effect o f sta rch swe ll ing and gelatinizat io n 
o n cooking q ualit y will be reduced since a continuous pro te in 
ne two rk is alread y fo rm ed in th e raw pasta (Fig. JOe). This is 
pa rti cul arl y true for pasta made from poor qu alit y raw mate ri als. 
The competitio n pheno mena that tak es place during LT an d HT 
spaghetti process ing and cooking arc diagrammati ca lly sum· 
m:tri zed in Figure II. If the raw material is of good qualit y 
(e .g .. good durum wheat semolina) , no large differences in 
cooking qual ities may be expected from l-IT-U .. 1 or HT-1-\M 
technology, due to th e strength of th e protein network com-
pared to th e neg:tt ive effec t of st arch swelling (unreported data) . 
If th e raw mat erial is of poor quality. these d ifferences arc 
highl y signifi cant. An enhancing effec t of the HT drying treat-
ment h:ts bee n repo rt ed by other authors 130.31 , 53, 8 1] . but 
they do no t give an y d efinit e explana tions for this phenomeno n. 
Cooked pasta qualit y ca n al so be relat ed to th e characteristic 
ultra structure of starch in coo ked HT-LM spaghetti (F ig. IDe) 
172 1 These patt erns can be o btained experimentally by trea t· 
ing raw LT pasta with high temperature (13 5° C) in a dry 
atmosphere. Spaghetti processed in this mann er alwa ys ex-
hibit s an improvement in cooking qua lities (Tab le l B ). due to 
an increased amount o f prote in coagulation in drying (Fig . 8b) 
witho ut sta rch swelli ng (Fig. 12a) and the changes in starch 
ultrastru cture induced by cooking. Protein-sta rch interac tions in 
th e out er part and linear or bran ched fibril s in the central area 
of th e granules are clearly seen ( Fig. 12b). These modified 
211 m 
Fig. 13. Pasta from rice starch and rice n our . Bo th un coo ked 
(a) and cooked (b) ''Bee-Hoo n" (vermicelli fro m ri ce starch) 
show fibrillar network o f re trograded starch . Uncooked rice 
n o ur pasta (c) presen ts unmodified st:rrch gra nules (s) and 
starch particles (sm) in the int e rspaccs. After cook ing (d ) a 
starch strand network is dearly seen. 
sta rch patt erns ca n be compared wit h th e mic rogra phs o f 
Bec ht el e t al. (9) an d Po meran z (681 obtained fro m thi n-
sec tioned bread aft er oven spring, but in our freeze-fractured 
cooked pasta , protein strands arc int e rwoven with starch o nly 
in th e outer part of the gelatinized granu le (Fig. 12b). We can 
irll erpret th e starch features shown in Figures 2c, IDe and 12b 
according to th e stat ement s o f Sterling (76 1 who repo rts that 
swelling and ge latinization begin in th e int erio r o f th e starch 
granul e while the outer regions remain birefringent: during 
these physical changes. radial contractio n ~md t:mgential ex-
pansion of branched and unbranched component s take place 
1771 
Pasta from ri ce starch or rice nour 
High qualit y pasta can be obtained from starch alo ne by 
t ::t king into account th e enhancing effect of th e heat induced 
starch modifications . An en light ening cx::t mple is the ' ·Bee-
Hoon··. an orient <I I vermicelli produced fro m starch or certain 
rice varieti es. Its honeycomb-l ike st ru cture both in t he raw and 
cooked state (Figs. 13a , 13b) is due to spec ial processing 
tec hniques that usc high temperatures to effectively gelat ini ze 
the starch which read ily retrograd es upon coo ling \ 72 1. These 
ph ysica l changes yield product wit h exce llent cooking qualit ies. 
On the basis of th ese and previo usly repo rt ed obse rvations. 
it is possible to make good pasta start ing from raw materials 
with low protein quality such as nour fro m broken rice. This 
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tedlllo logy is described elsew here [65 ]. The ultr;~s t ruct urc of 
ra w pa~t a prepa red wi th this technology is shown in Figure \3c. 
The t:x te nt of the st:trch strand network after cooking ( Fig. I 3d) 
can be rcl;t ted to pasta qua li ty (ib lack imp lit:s comple te st icki-
lll:!l~) and to !>larch va rie t ies. Protein mate rial in terwoven with 
the sta rc h strands is also observed in these kind of pasta. These 
modifica tions. which promote an extensive reticu lar texture 
whe re most o f the starch ma terial is involved, can ofte n exp la in 
cooki ng qua liti es of pasta from unconventional raw mah! rials 
127. 651. 
Co nclusio ns 
Pasta proves to be an int eresting limit ed water-starch-p ro tein 
system where st<Jrch / prote in com petition for water. conforma-
tional changes and mutua l interactions take place during proces-
sing and cooking. The understanding of th ese phenomena, 
whic h may p:tra llcl that of other cerea l produ cts, can be en-
hanced by the stud y of pasta fine stru cture. In this type of 
study. freeze-fracturing proves to be one of the best techniques 
for obsetving t he mi ld hea t induced modifica tions of starch 
ultra ~ t ruc t ure in low water systems. These cha nges arc no t 
easi ly studied with o th er H .·! or chem ical-physica l methods. 
F reeze-fr:tcture m:.ty be a power ful tool for scientists engaged 
in the !llud y of foods where sta rch and pro te in modifica tions 
play a functiona l ro le in the produc t 's tex t ure and consumer 
a~.:cc pt :t bil it y. In addition. freeze-fracturing micrographs, 
cs pcc i:1lly if compared with o th er EM technique images, may be 
beneficia l in a iding tec hnologist s to optim ize pasta prod uc tion 
~,;qu ipmen t and processes. Our resea rch effo rt s have fo llo wed 
thi s din.::ct ion 
Appendix 
Freeze-fracturing specimen pre paratio n 
Bl!fore free1.i ng , st arch. glut en, nour and semolina arc ~o :tk l!d 
in a 30 ';', glycero l-wa ter so lu tion at room tcmpcr:llurc fo r 10 
m in : dry pasta is soak ed for 12 h. Cooked produc ts arc usuall y 
freczc- fractun::d withou t soaki ng due to th e ir rcl<1tivc low free 
water con ten t. Wh en the W:.t te r absorptio n in cooki ng w:ts high, 
a soaking in a lOr{- glycerol-water so lution was so m~,; t imt:s 
perfo rmed befo re freezing. In this c:.tsc no subs ta nt ial ch:.tnges 
in the fine st ructures were observed. Furthermore, no modi-
fi ca ti ons in th e FF pattern are seen if pasta is cooked d irectl y 
in a 10'/} glycero l-water so lution (un reported d at a) . 
T he FF co nditions we used :1re those suggested by Buc hh cirn 
for d:tir y produc ts (W. Buc hh eim . 1973, persona l communi -
ca tion). Sma ll p lugs o f sa mpl e ( "' 0. 5 mm 3 ) arc pl:tced o nt o a 
go ld !lpecimcn holde r wi th a drop of pure g lycero l and frozen in 
super-coo led liquid nitrogen. Th is freez ing med ium works a 
litt k bett e r and is more practica l than Freo n to preven t th e 
Li eck nfros t effec t 170] . The sa mpl e is transferred into :t B:.tl ze rs 
( BAF 30 I) FF unit whe re a vacuum of :1t least 2 x I o-6 to rr is 
rea ched. After defrosting :.tt -95°C for I S min (or mo re). the 
fra cture is carried o ut at -104 to . JQ JOC to producc
0
a cross 
fra cture. Shallowing with Pt-C (~lm thickness "' 20 A) and 
with C (fi lm thickness "' 2SO A ) is perfo rmed immediate ly 
following th e frac turing. During shadowing, replica thickness 
is co ntrolled with a quartz crysta l. thin film monito r. The 
repl ic:t is kep t in 70'X- sulfu ric acid fo llowed by 30?r su lfuric 
acid for at least 48 h. th en washed in distilled wa ter, acetone, 
and twice in d ist ill ed and doub le d istill ed wat e r. T he replica 
is placed on to a copper grid and obse rved in :1 Phi lips EM 201 
e lectron microscope operating ei th er at 40 o r 60 kV . 
10 
Ex periment al spaghet ti produc tion and ana ly tic:llt esls 
We used a com merc ial common :.oft whl'at nour from the 
Italian market (protein 10. 1',; . a!lh 0 .6'1 on d.b. ). No hard 
va riet ies are present in this kind o f r:1w matc ri:tl which alw;.~ys 
show poor charac t eristi C!~ for p;~:.ta making. 
Spaghetti was prepared by m ixing th e nour with 3or;, water 
and kneading unde r vacuum for IS min in :1 Micro C. Braib:mti 
Press, worki ng capacity 100 kg/ h with th e discon tin uous pro-
cedu re . The extrusion was perfo rmed in :1 cy linde r with a teflon 
lined head (hole d iamete rs 1.8S mrn) :11 40°C. pressure 80 :.ttm. 
The experiment<.~l drying cell has an al ttomatic system for 
ventilation and restin g tim es. Air now (3m/sec) was p:nallel to 
the spaghetti. Deta iled drying cydc di agram ~ arc reported in 
Figure 7: T represen ts th e :tir tempera ture in th e drying ce ll: 
f.J T is the difference bet ween th e dry :md th e wet bulb temper-
atures (we t bu lb depression). The rela t ive humidity in the 
drying cell can be re:tdily calcu lated on the basi~ of T ;.~ nd 
!J. T valu es by using psychromel ric chan s (e.g. Mo ll ier diagram. 
or Carrier diagram). 
Pro tein so lu bi lit y in dilute <tcet ic acid (O.l r'( v/v) is deter-
mined according to Jones et al. 144] : cooked pasta weight 
according to Dex ter ct a l. \30] : mat c ri :tl los~ in cooking wa te r 
a nd pasta o rganoleptic prope rti es acco rd ing to Paga ni ct al. 
\65]. Each spag hett i was cooked :t t it s optim al coo king t ime. 
by cont rolling the disappearance of the cen tral ungelatinized 
co re. 
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Discussion wi th Rev iewe rs 
R. Moss: Could the authors provide some information of the 
humidity profil es used in th e drying processes referred to in 
Figure 7? Presumably control of humidit y is as important in 
liT drying as it is in LT drying? 
Autho rs: The humidity pro files in the drying ce ll can be 
immediately calculated on the basis of the va lues of 6 T and T 
reported in the drying di a)!rarns. These profiles are important 
both in LT and liT drying: however. for \IT processings the 
moisture content of spaghetti at which th e l iT treatment is 
performed is critica l. 
E.A. Davis: Why do you not consider "de frosting" at -95° C 
e tch ing? When we etch. we do this :11 -105°C for 2 min . There-
fore e tching o r sublimation sho uld be taking place during the 
I 5 min of "defrosting"? 
Au llwrs: Since the tlefrosting step is performed before fractur-
ing. it cannot inOuence th e ul!rastructurcs of the repl ica, as in 
freeze-et ching . Fo r thi s reason it is better to indica te thi s step 
as ·'defros t ing" than as "etching". even if a w::~ter sublimation 
tak es place. 
E.A. Davis: Th e gluten material shown in Figure 3 may have 
some freeze damage. Wh at preparation techniques did refs. 48 
and 49 usc to prepare th eir samples prior to fracture? 
Autho rs: Lasztit y's works (refs. 48 and 49) do not refer to 
the freezing tech nique used prior to fractur ing bu t to the 
method of gluten ex traction from semolina. Since the ultra -
structures shown in Figure 3 have been obtained acco rding to 
ou r FF technique, we th ink that freeze damage in the sample is 
unlikely. 
For additional discussion see page 98 . 
FOOD MICROSTRUCTU RE. Vol. 2 (1983). pp. 13-ll 
SEt-.1 Inc., Al\·lF O ' ll an: (Chicago), IL 60666 U.S.A. 
ENDOSPERN DEGRADATION IN BARLEY KERNELS THAT SYNTHESIZE n - ANYLASE iN THE ABSENCE OF 
EMBRYOS AND EXOGENOUS GIBBERELLlC ACID 
A. W. HacGregor ,* P. B. Ni c hollst a nd L. Dushnicky* 
toepartrnent of Plant Physiology, Waite Agricultural Research Institute, 
Glen Osmond, South Australia 506 4, Australia . 
*Canadian Gr a in Commi ssion, Crain Resea rch Laboratory , 1404-303 Hain 
St r eet , Winni peg , Manitoba , Ca nad a RJC JGS . 
During ge r mina tion at l6°C, whole seeds and 
distal ha l f - seeds of Klages barley and two types 
of Clipper barley (Ty pes A and B) we r e analyzed 
for a -amy l ase . Structu ral changes in the e nd o-
sperms o( these seeds and half-seeds were exa-
mined by scann i ng elect ron microscopy . In Clipper 
B half-seeds, Q-amy 1ase act i vity increased s i gni-
f i ca n t l y , there was a detectab l e amoun t of starch 
g ranule hydrolysis and endosperm s tructure was 
marke dly degraded. No starch hyd rolys i s and only 
trace amounts of o. - amy l ase and endospe rm degrada-
tion were detec t ed i.n Clipper A and Klages half-
seeds. The r e wn s s i gnificant a -amylase synthe-
sis, starch hydrolysis and endosperm degradatio n 
in germinated whole seeds of al l three barley 
cultivar.c; . Cha nges were most pronounce d in 
Cl ipper 13 . Starch degradation appeare d to s t ar t 
in areas of the e ndospe r m close to t he embryo . 
Initial paper received Feb r uary 3, 1983 . 
Final ma nu scr ip t received May 26, 1983 . 
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lnt rodu c t i o n 
During ge r mination , the starchy endosperm of 
bar l ey kernels i s deg r a d ed by a complex series of 
enzymic reactions (NacLeod et al 1964 , Palmer and 
Bathgate 1976). Endosperm ce ll wa lls , consis ting 
la r ge l y of B-glucan , a r e deg r aded by 6- glucanases 
and, probab l y other enzymes ; the protein matrix 
is solubil ized by proteases and starch granules 
are hydrolyzed by a -amylase . These enzymes dev-
elop in the a l eurone layer during ge rmination and 
a r e secre ted in to the endosperm (~lacLeod and 
Hiller 1962, HacLeod et al 1964), a-Amylase has 
been the mosL widely s tud i ed of these hydrolytic 
e nzymes . There is abundant ev i dence to show that 
a l e urone layers treated with g ibberellic acid 
synthes ize and exc rete a - amy la se (Briggs 1963 , 
1964 ; ~lac Leod et al 1964, Varn~r 1964) and that 
gibbe r ellic acid is synthesized in germina ting 
barley embryos (Cohen and Paleg L967 , ~lacLeod 
and Palmer 1967 , Radley 1967). These r esu lts 
support the a ttrac tive idea that, during germina-
tion , gi bbe r ellic a c id moves from the e>mb r yo to 
t he aleu r one l ayer a nd t here triggers Lhe syn-
thesis of hyd t olytic ~nzymes such as <..t -amyla se . 
These e nzymes are then excre t ed into the endo-
sperm (Palmer and Bathgate 1976) , 
There is also compelling evidence that some 
hydrolytic e nzymes originate in t he embryo and 
move into the endospe rm via the sc utellar epithe-
lium (Briggs 1964, Gibbons 1979, MacGregor 1980, 
Okamoto et al 1980) . 
By man ipula ting environmental conditions 
during grain growth , Ni c holls (1 982, 1983) ha s 
produced two types of bar l ey kernel , des i g nated 
A and B, that diffe red markedly in their response 
to gibberellic acid . Di stal half-seeds of type 
A, like those of normal barley , p r od uced a-amyl-
ase only when incubated in the presence of gib-
berellic acid . Type B ha l f-seeds, however , p r o -
duced copious amounts of a -amy l ase af t er incuba-
tion in water . These ke r nel s did not ap pe ar to 
contain above normal amounts of gibberellin-like 
materia l. Therefo r e , t he g r owing conditions used 
appea r to have pre- sensitized the a l e urone layers 
of ty pe B ke r nels so tha t t hey no l o nge r required 
st imulation by g i bberellic acid before producing 
a - amylase . 
Th is paper describes pa r t of a project that 
was init i ated t o examine the physiology of these 
A. W. HacGregor, P. B. Nicholls, L. Oushnicky 
Lwo Lypes of barley kernel in more detail. Ans-
we r s Lo Lwo main questions were sought . Do type 
B half-seeds, incubated in the abse::nce of gib-
berellic acid, readily produce endosperm cell 
wall and protein degrading enzymes in additlon 
to a -amylase? Do hydrolytic enzymes from the 
aleurone layer oE type B kernels play a more 
important role in endosperm degradation than do 
similar enzymes in normal barley? To answer 
these questions a scanning electron microscope 
(SEt-!) study was made of endosperms of germinated 
whole and half-seeds oE types A and B Clipper 
barley and oE normal Klages barley. 
Bar ley Samples 
The two-rowed barley cultivars, Klages and 
Clipper were used in this study . Klages was 
grown in test plols in Brandon, t-lanitoba in 1976; 
Clipper A was grown in South Australia in 1979/80 
and Clipper B was grown under controlled 
environmenta l conditions as described elsewhere 
(Nicholls 1983). 
Barley kernels were dehusked by steeping in 
50% (v/v) sulphuric acid for 3 to 4 hrs. (Coombe 
et al 1967) followed by thorough rinsing with 
sterile, di sti lled water. Some kernels from 
each S<1mple were cut transversely and the distal 
halves were placed in moist sand with the cut 
fnces uppermost. Two ~ L of calcium chloride 
solution (0 . 01 H) were added to each hnlf-seed 
to snt isfy the calcium requirement of o.-amylase. 
\.Jhole kernels were placed, crease down, in moist 
snnd . 1\ll kernels and half-kernels were main-
Lained in a humid atmosphere at l6°C .;~nd samples 
were removed at intervals oE 24 hrs. and frozen 
at -20 ° C until analyzed. Samples were extracted 
and aRsilyed fo r a -amylase activity as described 
previous l y (NacGregor 1976). 
Kernels and half-kernels were freeze-dried 
at -20°C prior to scanning e l ectron microscopy 
examination . Whole kernels were cracked open 
longitudinally through the crease and these longi-
tudinal slices, as well as distal half-kernels, 
were f ixcd to microscope stubs with Dot i te silver 
paint (Fujikura Kasei Co . Ltd., Tokyo) and coated 
with gold . Samples were analyzed on a JEOL JSC 
scanning electron microscope at an .:accelerating 
voltage oE 10 kV . Photomicrographs were taken on 
Plus-X Pan Kodak film . 
Results and Discussion 
Klages is a good quality malting barley and 
germinates quickly with rapid production of hy-
drolytic enzymes such as a-amylase (t-1acGregor 
1978). This is illustrated in Fig. l where the 
a -nmylase content oE whole ke r nels reached 
almost 4 , 000 units/kernel after 5 days of germ-
ination. Only small but detectable amounts of 
activity were present in distal halE-seeds after 
the same period oE germination. By contrast, 
a -amy J ase development in Clipper A was sign ifi-
cantly slower and was l ess than 2,000 units/ 
kernel after 5 days . This s l ower rate of pro-
duction of a -amy l ase is more typical of 2-rowed 
malting bnrley cult ivars (t-1acGregor 1978) . 
a -Amylase levels in halE seeds were also very 
l ow, as would be expected . 
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Fig . 1 SynthcsiR of a -amylase in whole seeds and 
distal half-seeds of Klages, Clipper A 
and Clipper B incubnted on moist san1i at 
l6°C. 0 whole seeds; e half-seeds . 
a -1\mylase profiles of germinatin g kernels of 
Clipper B were quite different . Enzyme activity 
increased steadily after 24 hrs . of germination 
and after 2 . 5 days had reached the level attained 
by Clipper A after 5 days. At the end of the 
5-day germination period Clipper B contained 3 . 8 
times more a.-amylase/kernel than did Clipper A 
and 1. 7 times more than KlagC!s . There was no 
sign of the lag phase in u-amylase biosynthesis 
apparent in both Klages and Clipper A profiles. 
As expected from previous results (Nicholls 
1983), a -amylase formation in distal half-seeds 
of Clipper B was rapid and significant in amount . 
After 3 days these half-seeds hnd produced more 
a -amylase than had the whole seeds of Clipper A 
after 5 days . This rapid synthesis of a-amylase 
was not maintained and the enzyme level started 
to decrease after 4 days . Similar results have 
been reported for barley haJ f -seeds germinated 
with gibberellic acid (r-1acGregor 1976) but the 
reason for the decline in activity is not known . 
Perhaps there is a feed-back mechanism whereby 
starch degradation products accumulating in the 
ha l f-seed are able to s l ow down cr.-amylase synthe-
sis to such an extent that natural degradation of 
the enzyme is grenter than enzyme synthesis . In 
who l e kernels , degradation products do not accu-
mulate because they are translocated to and meta-
bolized by the embryo . 
Cut faces of distal halE-seeds of the three 
barley samples were examined by scanning electron 
Endosperm Degradation in Barley Kernels 
Fig. 2 Hi_crograph of distal half-seeds of a, sound Klages; b, 120 hr incubated Klages; c, sound 
Clipper A; d, 120 hr incubated Clipper A (section immedintely under the aleurone layer). 
A- a l eurone layer; W- endosperm cell walls; J)- disjointed layer; G - nrea immediately 
under the aleurone; bar is 50 urn. 
microscopy. AlLhough the whole cut face was 
looked al, special attention was paid t o endo-
sperm areas immediately under the aleurone on the 
dorsal side of the kernel. Tt is from this 
region of the a l eurone thnt hydrolytic enzymes 
might be expected to appear (Palmer 1975). In 
Klages barley the aleurone layer is 2 to 3 cel l s 
thick (Fig. 2a) and the e ndosperm consists of 
ce l ls packed with large and small starch granules 
embedded in a protein matrix. All of these 
features have been diRcussed in detail elsewhere 
(Pomeranz and Sachs 1972, Palmer 1980, MacGregor 
1980). 
Some cha nges were observed in the physical 
struclurc of Klages half-seeds during incubation. 
After 24 hrs. the aleurone cells were wrinkled 
and misshapen but there was no apparent degrada-
tion of endosperm cell walls or protein matrix. 
Portions of the sub- aleurone layer became distor-
ted during incubation and this was most pro-
nounced in the 5-day samples (Fig. 2b). In these 
areas there was a layer (D) of disjointed frag-
ments of cel l wall material between the aleurone 
layer and the starchy endosperm. In many half-
seeds examined parts of the aleu r one layer 
appeared to have been torn away from the endo-
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sperm . This may have taken place during drying 
of Lhe kernel after incubation . Adhesion bet-
ween a l eurone and endosperm tissues certainly 
appea r ed to be weakened during incubation . This 
may explain the disjointed layer visible in Fig. 
2b but there may have been some dissolution or 
hydrolysis of protein and cell wall material. 
Because starch granules were never found in these 
areas these distorted fragments may r eprest:"nt Lhe 
stretched remnants of cementing material between 
endosperm and aleurone tissues . Below this area 
stretched a band of cells in which large and 
sma ll starch granu les are clearly visible. Much 
of the protein matrix had been removed (rom this 
area and the cell walls (W) were much thinner, 
This more open texture of the endosperm may have 
been caused by simple dissolution of structura l 
components rather than by enzymic hydrolysis but 
more detailed studies are required to resolve 
this problem. There was no ev idence of starch 
degradation . 
Distal half-seeds of Clipper A appeared to 
behave similarly during incubation (Fig. 2c and 
d). The two to three cell thick aleurone layer 
quickly became distorted but changes occurred 
s lowly in the endosperm . Again, aleurone and 
A. H. HacGregor , P . B. Nicholls, L. Dushnicky 
Fig. 3 1-licrograph of d i stal half-seeds of Cl ipper B. a, sound ; b , 48 hr incubated; c, 96 hr incu-
bated; d, 120 hr incubated . In b and d, sections inuncdiately under the aleurone l ayer are 
shown . A - aleurone l ayer; W - endosperm cel l walls; arrows in d indicate degraded starch 
granules; bar is 50 tJm. 
endosperm tissues appeared to be torn apart and 
areas of starch granules, free of contaminating 
protein, were visible at the outer edge o( the 
endosperm (G) after 5 days of incubation (Fig . 
2d). These c l ean areas strongly suggest that 
some enzymic hydrolysis of protein and cell wall 
material had occurred . 
Below this area some protein dissolut i on had 
occurred and cell walls (W) appeared to be 
thinner in the 5-day sample as was the case for 
Klages , No evidence of starch degradation was 
found in any of the samples examined , 
The aleurone layer (A) of Clipper B was 
sometimes 3 to 4 cells thick (Fig. 3a) instead of 
the mo r e normal thickness of 2 to 3 cells found 
in Klages and Clipper A {Fig. 2) , Hare st udies 
on a number of barley cultivars grown under the 
same conditions as Clipper B would be required to 
determine if the particular growing cond itions 
used caused fo rmation of the extra aleurone cells. 
No published information is available on the pos-
s ible variat i on of aleurone layer thickness with 
eithe r variety or g rowing conditions, The struc-
ture of Clipper B endosperm appeared to be simi-
lar to that of the other two barley sampl es 
studied . After 24 h r s. of incubation many aleur-
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one cell surfaces were wrinkled and roughened but 
very little change in endosperm structure was 
apparent . !-larked changes were r eadily visible 
after 48 brs . , however (Fig. 3b). Immediately 
under the aleurone layer {Fig. 3b) , cell walls 
and protein were extensive l y degraded and areas 
of free starch granules were present . These de-
graded areas extended only 100-200 1-1m into the 
endosperm and so they represented only a small 
portion of the total endosperm . There was still 
no evidence of starch degradation. These changes 
were more extens ive after 72 hrs . of incubation 
but only after 96 hrs. was pi:::ting of starch 
granules sometimes detected. By t his stage a 
layer of starch granules virtually free of pro-
tein and cell wall material extended around the 
outside of the endosperm (Fig . 3c ). There was 
litt l e apparent increase in endosperm degradation 
after 120 brs . but there was increased pitting of 
starch granules (Fig. 3d) . 
This pitting r epresent s radial channels made 
by a -amylase on large starch granules as the 
enzyme moves into , and preferentially degrades , 
the central portion of these granules (Ga l lant et 
al 1972). Pitting , therefore , does not represent 
the full extent of sta rch granule degradation nor, 
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necessarily, the amount of a -amylase present. 
These results show that aleurone cells of 
Clipper B are able to produce not only et-amylase 
but also protein and cell wall degrading enzymes 
in the absence of exogenous gibberellic acid . 
Therefore, aleurone ce ll s of this particular 
barley sample have been pre-triggered so that 
when hydrated they produce and secrete the hydro-
lytic enzymes required to mobilize endospe r m 
reserves . 
Longitudinal section s of germinated whole 
kernels were also examined by SE/'1. Areas of par-
ticular interest are indicated on the diagram 
shown in Fig. 4 . Results f rom previous work 
( l'lacGregor 1980, Gibbons 1980) suggested that 
endosperm degradation in germinating kernels 
started at the embryo-endosperm junction and 
moved out into the endosperm from there . 
Therefore , although the whole longitudinal section 
was scanned , attention was focused along the 
embryo-endosperm junction and all micrographs in 
Figs. 5-7 were taken in areas s hown as A, B or C, 
repre senting the dorsal, middle and ventral 
of this junction , respectively . 
Fig. 4 Diagram of longitudinal section through 
the crease of a barley kernel. All micro-
graphs shown in Figs . 5-7 were taken along 
the embryo- endosperm junction at areas A 
(dorsal edge) , B (mid-point) or C (ven tra l 
crease edge ). 
Fig. 5 l'licrograph of longitudinal section of Clipper A kernels. a, sound (area B); b, 72 hr 
germinated (area C) ; c , 96 hr ge rminated (area B) ; d , 120 hr germinated (area A) . 
Sc - scutellum; SE - scutellar epithelium; C - layer of c rushed cells ; S - starch gran-
ules ; i.J- endosperm cell walls; G- area immediately under the aleurone ; * -endosperm-
embryo junction ; arrows indicate pitted starch granu l es ; bar is 50 Jlm . 
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No significant d i fferences were found in the 
endosperm st r uctures of sound samples of the 
three Lypes of barley kernel studied . ~aero­
graphs of area B of each type of kernel are shown 
in Figs. 5a , 6a and 7a . The single layer of 
cells of the scutc.llar epithelium (SE) and the 
layers of crushed cel l s (C) adjacent to the endo-
sperm are clearly visible . Portions of cell 
walls (W) and inta c t starch granu l es , both large 
and small , can be seen embedded in a protein 
matrix . These s tructural features of mature 
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barley endospe r ms are simil ar to those discussed 
previously (Pomeranz and Sachs 1972, Pomeranz 
1974, Palmer and Bathgate 1976). Endosperm 
breakdown in Clipper A occurrC'd very slowly and 
the on l y change d etected after 48 hrs . of germ-
ination was slight degradation of cell walls and 
protein matrix at the ventral edge of the embryo-
endospe r m junction . After 72 hrs. extensive deg-
radation of endosperm structure had occ urred in 
area C and some pitting of starch granules was 
visible (Fig . Sb) . Twenty-four hours l ater there 
Micrograph of l ongitudinal section of 
Clipper B ker nels . a , sound (area B); 
b, 48 hr germinat ed (area B) ; c , 72 hr 
germinated (areu B); d , 96 hr germinate d 
(area A); e , c l ose-u p of d showing de-
graded starch granules . Symbols as in 
Fig . 7 , Arrows indicate pitted and de-
graded starch granules ; bar is SO ~m . 
was !':omf'. endospe r m degradAtion rni.d-wAy a l ong the 
endosperm-embryo j unction (Fig . 5c) , but this did 
not ex tend to the dorsa l edge. There was little 
starch pitting in area B and none was detected in 
a r: ea A. After 120 hrs. of germinat ion, extens i ve 
endosperm breakdown and starch pitting we r e de-
tected in areas B and C and significant struc-
tura l, bu t no starch degradation, was found i n 
area A (Fig . 5d) . Obviously a g r adient of 
Endosperm Degradation in Barley Kernels 
deg r adation e xis t e d in a narrow band along the 
embr yo-e ndo t:i perrn junc tion from the ventral to the 
dorsal edge. S imilar changes in germinating 
barley ke rnels have been described previously 
(MacGre gor 1980) . 
S tructural changes in endosperms of Clipper 
B kernels occurred much more rapidly. After only 
24 hrs. of germination , endosperm degradation 
was detected in region C but no starch pitting 
was apparent . Twenty-four hours later, however, 
much of the cell wall and protein material had 
been degraded in r egion C and along the embryo-
endosperm junc tion through area B (Fig . 6b), 
There were degraded starch granules throughout 
this area . Even at the dorsal edge some endo-
sperm bre akdown had occurred but starch hydroly-
sis had not yet started . After 72 hrs. a band of 
extens ively degraded endosperm st r etched all the 
way along the endosperm-embryo junction . Little 
intact protein or cell wall mate rial remained in 
this area and starch granules were severely de-
grade d (Fig. 6c) . Close to the dorsal aleurone , 
however, only s li ght pitting of starch granules 
was de t ec t ed. Endosperm degradation was e ven 
more extensive after 96 hrs. of germination , and 
by this stage very little endosperm structure was 
left at the do r sa l edge. Large areas of clean 
starch granules with little contaminatin g protein 
or cell wall material were observed (Fig. 6d). 
This type of structure extended some d istance 
along the dorsal edge of the seed immediately 
under the aleurone layer. The narrow band of 
severely degraded starch granules can be seen ex-
tending up to the dorsal edge (Fig. 6e). However, 
only limited starch degradation was detected under 
the aleurone layer, indicating that at this stage 
a -amylase was just beginning to move from the 
aleurone into the endosperm. It must be noted 
that these results do not preclude the presence 
of significant amounts of a-amylase in the aleur-
one l ayer . They indicate, merely, the start of 
a -amylase secretion from the aleurone into the 
endosperm. In the 5-day germinated sample much 
more starch degradation had taken place under the 
aleurone layer. 
The rate of endosperm degradation in kernels 
of Klages barley was intermediate betwee n those 
observed for the Clipper samples . After 48 hrs. 
Fi g . 7 Hi c r og r ap h o f l ong itudinal sec tio n o f Klages ke rne l s . a , s ound (area B); b, 7 2 hr ge r m-
inated (a r ea B); c , 96 h r ge r mina t e d (a r ea B); d , 120 hr germinated ( a r ea A) . 
Sc - scute llum; SE - s c ute lla r ep iLhelium ; C - layer of c rushe d ce lls ; S - s t a r c h g r a n-
ules ; h! - e ndospe r m ce l l wa lls ; G - a r ea immedia t e l y under t he a l e urone : * - (! ndospe r m-
cmb r yo junct i o n; a rrQ\.; s ind i ca t e pit l ed sla r ch gr an ules : bar is 50 \..lm . 
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only limited degradation was found and that was 
confined to area C . Degradation increased 
rapidly during the ensuing 24 hrs. producing 
large areas of clean, damaged starch granules in 
area C and structural breakdown with some starch 
degradation in area B (Fig. 7b). At this stage 
only limited cell wall and protein degradation 
were detected at the dorsal end of the embryo-
endosperm junction. After 96 hrs. extensive 
removal of protein and cell walls had occurred in 
a narrow band along the junction wlth severe 
starch pitting reaching area B (Fig . 7c) , After 
a further 24 hrs . , compl ete destruction of the 
endosperm had occurred along the whole embryo-
endosperm junction a nd starch hydrolysis was 
detected at the dorsal edge (Fig. 7d). t-1ost of 
the starch degradation appeared to emanate from 
the embryo but some degraded granules were found 
under the aleurone layer . 
Results from these SEN studies agree with 
the u-amylase profiles shown in Fig. l. Only 
incubated half-seeds of Clipper B showed signifi-
cant levels of a -amylase activity and detectable 
amounts of starch degradation. In whole seeds 
the ex tent of starch degradation mirrored the 
a -amylase profiles . Degradation of endosperm 
structure always preceded starch hydrolysis, in-
dicating that cell wall and p r otein degrading 
enzymes were active in endosperms before 
a -amyl ase. These enzymes are probably synthe-
sized and secreted into the endosperm more 
quickly than is a.-amylase (Gibbons 1980, Okamoto 
et al 1980) . However , more definitive studies 
arc required to confirm this. 
The high a - amylase levels observed in germ-
inated half-seeds of Clipper B were accompanied 
by s ignificant degradation of endosperm struc-
ture immediately beneath the aleurone layer, fn 
these kernels , therefore . synthesis of the whole 
compleme nt of endosperm degrading enzymes had 
been pre-triggered by the environmental cond i-
t ions used during kernel growth. 
Whole kernels of Clipper B showed i ncreascd 
rates of endosperm modification during germi na-
tion . However, the pattern of modification did 
not appear to be different. Endosperm and 
starch degradation started at the embryo-
e ndospe rm junction and moved along the junction 
to the dorsal edge as we ll as into the endosperm. 
There did not appear to be a disproportionate 
amount of degradation under the aleurone, sug-
gesting that in these kernels synthesis of hydro-
lytic enzymes had been stimulated in the embryo 
as well as in the aleurone. It should be remem-
bered that in all samples examined endosperm deg-
radation was limited to a r elatively small are.1 
close to the embryo and aleu r one. Even in 5-day 
germinated Clipper B much of the endosperm r e -
mained intact . The r efore, these studies relate 
only to initial stages of germination and endo-
sperm modification , 
Although endosperm deg r adation appeared to 
start, and was most severe , in areas close to the 
embryo during -germination, it must not be assumed 
that the embryo rather than the aleurone is the 
major site of synthesis of hydrolytic enzymes . 
Synthesis of enzymes may be quite rapid in aleur -
one cells but active secretion into the endosperm 
may not take place inunediately . 
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Discussion with Reviewers 
R. Noss : Tn Fig . 2a there appears to be more 
inter-cellular cleavage of the endosperm cells 
(because more endosperm cell walls are visible) 
whereas in Fig . 2c the cleavage appears to be 
more intracellula r (more awa r e of t h e contents o"f 
endosperm cells). The type of cleavage patte1:n 
is dependent on intrinsic gr ain hardness and gra i n 
moisture content. Does g r ain hardness influence 
the extent of endosperm modification in barley? 
Authors: Grain hardness may well influence the 
extent of endosperm modification i n barley but 
only limited information has been published on 
this topic . Allison and co-workers (24-26) hav e 
shown that there is a relationship between malt-
ing quality and barley milling energy (the elec-
trical energy required to grind a given weight of 
barley to a flour fine enough to pass through a 
1 mm sieve). Barley cultivars with good malting 
quolity tended to hav e lowe r n.illing energies . 
However, more research i s required to determine 
the relationship between gra i n hardness and rate 
of endosperm modification. 
R. />loss : Could the authors give more information 
~mmmer in which they produced the surfaces 
examined by SEt·1? Were the " sound" seeds frozen 
before fractur i ng , or fractu r ed at room tempera-
ture and at what moisture content? Hoisture con-
tent can markedly in fluence the cleavage pattern 
( ~loss et al, SEM III, 1980, 613) a nd a soft wheat 
variety can produce cleavage patterns similar to 
Fig . 2d , with " clean" starch granules . 
Authors: Sound seeds were fractured at room tem-
per-at~e and at a moisture content of ca . 10%. 
Both Klages and Clipper are good malti~ cultiva r s 
and so tend to have floury endosperms . Therefore , 
it is not surprising that the endosperm structure 
of these samples resembles that of soft whe;;.t. 
D.R . Lineback: ls the postulate of the inhibition 
of a -amylase synthesis by a feedback mec hanis m in-
volving starch degradation products in Clipper B 
consonant with the observations made on starch 
degrade~tion in the endosperm of these seeds? 
Starch degradation in Clipper B endosperm is more 
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extensive than in the endosperms of Clipper A or 
Klages . If germination is allowed to proceed suf-
ficiently long, surely more extensive degradation 
of the endosperm area is observed. Is the sta rc h 
in the e ndosperm of Clipper B mor e rapidly de-
graded than in Clipper A and Klages as would be 
expected if a larger amount of a-amylase were 
present? 
Authors : The suggestion that a-amylase synthesis 
may be inhibited by a feedback mechanism invol v-
ing products of starch degradation re fers to half-
seeds only. In whole seeds these products do not 
accumulate because they are translocated to the 
embryo and metabolized, Starch degradation was 
detected only in half-seeds of Clipper B and not 
in Clipper A or Klages , This degradation was not 
extensive during the time period of the study and 
it is difficult to correlate the progress of deg-
radation with changing levels of a-amylase in the 
half-seeds. 
D.R. Lineback : Is there evidence for any parti-
cu l ar type of attack of the germinating barley 
starch by o -amylase? In Fig. 6c it appears that 
many of the granules have been attacked around 
the "equator" of the granule . Large lenticular 
g r anules of wheat starch are normally attacked 
around the ' 'equato rial groove" by a -amy la ses. 
Does this same type of attack occur in starch 
granules of germinating barley? 
Authors : In general, o. -amylase from malted 
barleYpreferentially attacks the equatorial 
region of large, lenticular starch granules from 
barley. The equatorial region of many of the 
starch gr an u les shown in Figs. 6c and 6c have 
been significantly degraded. It is true that 
some a -amy l ase attack a l so takes place over the 
entire surface of particular gre~nules (Figs. 6c 
and 3d), These , more uniformJv pitted granules , 
appear to be r ounde r in shape and do not have a 
pronounced equatorial groove. Perhaps not all 
large starch granules from barley have the same 
physic.::~l structure . Hhethcr or not there i~ more 
"equatorial groove" degradation in wheat starc h 
e,ranules compared to be~rley starch granules 
requires more detailed investigation . 
\.J.J . \o,1olf : In reference to Fig. 2b , does it 
likely that simple dissolution of structural 
ponents would occur without prior hydrolysis? 
Cell walls and starch granules are not solubl e in 
water hence it is dif f icult to see how they could 
have simply dissolved . 
Authors : A portion of the protein matrix and of 
;ndosperm cell walls in barley are water soluble . 
Partial dissolution of components of the adhesive 
ma t erial between aleurone and endosperm could 
have weakened thi1'. >'ldhesion and caused the break 
shown in Fig. 2b . However, enzymic hydrolysis 
of structural component s in this area is indeed a 
more likely explanation for the disjointed layer. 
H. Fuwa : During germination , does a -amylase from 
the aleurone layer of Type B kernels play a more 
dominant role in degradation of endosperm starch 
granules than does the same enzyme in normal 
barley? 
Authors : The aleurone layer of Type B kernels 
appears to be more active than the aleurone l ayer 
A. I.J. MacGregor , P. B. Nicholls, L. Dushnicky 
of normal kernels. However, results shown in 
Fig . 6 strongly sugcest that in Type B kernels, 
as in normal kernels, enzymes from the embryo arc. 
primarily responsible fo r starch degradation 
during initial stages of germination . Therefore , 
the embryo as wel l as the aleurone of these 
kernels has been activated so that aleurone 
a.-amylase is no more dominant in these kernels 
than in normal kernels. 
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Abstract 
A rapid sample drying technique is described 
which is useful for the simultaneous preparation 
of large numbers of samples as an alternative to 
critical point drying. The cryofractured face of 
meat emulsions was visualized after appl ying this 
technique . The fine structure of 1 ipids and pro-
teins were found to be well preser ved in compari-
son to other reports which used critical point 
dried meat emulsions. Lipid was readily discerned 
from the protein matrix by selective fixation of 
the components in duplicate samples . Stereo im-
aging was useful in enhancing the texture of the 
cryofractured surfa ce and as an aid in differen-
tiating the protein matr ix from the fat component 
of meat emulsions. 
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Introduction 
Meat emulsion systems as well as many other 
food systems have been examined with the Scanning 
Electron Microscope (SEM) in order to evaluate 
the complex structural components. Some major 
problems faced by many investigators, especially 
those doing comparative studies , have been the 
l ong periods of time required for sample prepa-
ration and difficulties in scaling-up procedures 
in order to process a large number of samples 
quickly . Several techniques for cryofracturing 
biological tissues have been reported (Humphreys 
et al ., 1974, Nemanic, 1972 , Boyde, 1974), some 
of which are very u sefu 1 to food sys terns, wh i1 e 
others have li mited application. Preparation of 
meat emulsion samples requires freezi ng and cryo-
fracturing prior to fixation if the surface com -
ponents are to be exposed to the fixative solu-
tions. In order to minimize ice crys tal formation 
it is important to freeze any materia l for SEM 
very rapidly. This requires the use of a small 
sample size and / or replacement of sample water 
with a low surface tension solvent such a s ethanol 
(Humphreys et a l. , 1974), acetone, ether, l, 2 
epoxy propane or amyl acetate (Boyde, 1976 and 
1972). Problems associated with the use of thes e 
solvents include the potential to remove the 
lipids if the sample has not been osmium fi xed. 
SEM samples must be frozen quickly utilizing 
an intennediate fluid which has a high boiling 
point and a low freezing point. Commonly used 
fluids having relatively high boiling points and 
low freezing points include: Freons 12 and 22 
(Boyde, 1972), isopentane (Theno and Sc hmidt , 
1978), and acetone (Carroll and Lee, 1981). One 
of the drawbacks of critical point drying is that 
extensive dimensional changes occur during the 
process. Boyde et al. (1981) showed that drying 
from Freon 113 produced less shrinkage artifacts 
than critical point drying . 
One drawback of SEM is the inability to 
clearly distinguish between lipid and protein . 
SEM results have been correlated with light mi-
cr oscopy and special ized staining techniques used 
as an aid in identifying 1 ipid and protein com-
ponents in ser ial sections of cooked meat emul-
sions (Ray et al., 1979). The globular appearance 
of the 1 ipid component was of t en used as one 
characteristic to distinguish it from protein , 
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and thi s was confirmed by use of selective fat 
stai ns with light mic roscopy (Ray et al., 1g7g). 
Carroll and Lee (1981), using a combination of 
1 ight microscopy studied the relationships between 
structure and thermal stability in beef emulsions. 
Due to the difficulties in rapidly preparing 
1 a rge numbers of samp 1 es for comparative SEM 
studies, a faster procedure was developed that 
could accOfTI110date a large number of samples using 
conventional laboratory equipment. This technique 
involves an initial quick freezing of small sam-
ples followed by cleavage fracture and then fixa-
tion. After ethanol-Freon 113 substitution, a 
desiccator drying technique is employed (Liepins 
and de Harven, 1978) which produces results simi-
lar to critical point drying. A distinct advan-
tage of this technique is that it allows for the 
rapid prepa ration of a large number of samples 
simultaneous ly. In addition, using cryofractured 
meat emuls ions and selectively preserving either 
the protein mat rix alone or both the protein and 
lipid matrix together, one can readily distinguish 
the two components. 
Materials and Methods 
Two test 9roups of franks were prepared: 1) 
control, and 2) phosphate addition during proces-
sing. From each group three franks were selected, 
two sample slices were taken from each frank. 
1. 5mm x 1 . 5mm cubes were cut from each sample 
(4°C) with a chilled razor blade . Each cube was 
dipped into a 1% toluidine blue solution in order 
to facilitate identification of the fractured 
su rface for x-ray microanalysis. Each samp le was 
quenched in liquid Freon 12 (BP = -29 C, FP = 
-158 C) . Once thoroughly chilled, the sample s 
were inrnersed in liquid nitrogen . As shown in 
Figure 1, the frozen cubes were transferred to a 
multiwelled metal block submerged in liquid nitro-
gen and cryofractured by sharply striking a pre-
cooled metal blade positioned over each cube . 
These samples were i mmed iately removed from the 
liquid nitrogen and fixed in 3% glutaraldehyde 
f ixative buffered with 20 mM MES [2(N-Morphol ino) 
ethane sulfonic acid], pH 6.0 for 12 to 18 hr at 
4°C. All of the samples were fixed in glutaral-
dehyde in order to preserve the protein matrix 
and half of the samples were postfixed with 1% 
Os04 (osmium tetroxide) in distilled water for 30 min to stabilize the lipid. After fixation, 
the samples were rinsed twice in 20 mM MES , pH 6.0 
for 5 min . 
Samples 1-1ere dehydrated in a graded ethanol 
series of 25, 50, 75, go, 100, 100, and 100% 
(ethanol:water, v/v) for 10 min each at 23°C, 
followed by a graded Freon 113 series of 25, 50, 
75 , go, 100, 100, and 100% (Freon ll3:ethanol, 
v/v) for 10 min each at 23°C. The samples were 
dried in a vacuum desiccator attached to a running 
water aspirator for 3 hr, a slight modification 
of the drying technique of Uepins and de Harven 
(1978) . The dried sampl es were then mounted un-
der a dissecting microscope with the fractured 
surface exposed, onto 13 mm Cambridge style stubs 
using a 1:1 (v:v) mixture of DAG (Colloidal 
graphite in isopropanol): DUCO cement. An SPI 
sputter coat was used to coat the samples with 
24 
gold-palladium under a vacuum of 170 microns and 
an ionization current of 40 rnA for 45 sec. 
SEM micrographs were made using an ISI OS-
130 scanning electron microscope equipped with a 
laB6 ( l anthanum hexaboride) electron gLm at 10 kV 
accelerating potential. Stereo micrographs were 
made with a tilt angle difference of 10 degrees . 
The energy dispersive X-ray (EDX) samples 
were freeze-dried directly from liquid nitrGgen, 
mounted onto stubs as described above and cGated 
with a heavy layer of carbon in a Denton OV-502 
vacuum evaporator. These samples were used to 
obtain the EDX spectra on a JEOL U-3 scannirg 
electron microscope equipped with an ORTEC cetec-
tor and multi-channel analyzer operated at en 
accelerating potential of 15 kV. 
Results and Discussion 
Examination of the cryofractured surface of 
frankfurters fixed in 3% glutaraldehyde revea ls 
a noticeable absence of 1 ipid materia l (Fig. 2a); 
although, the protein matrix is well preser ved. 
The surface is poc k-marked with empty voids, most 
of 1-1hich once contained fat droplets that varied 
in size from 50 ~m to several J.Jffi in diameter. A 
higher magnif i cation of the denoted area shown in 
figure 2b i·eveals the fine structure of the pro-
tein matrix of the meat emulsion. Similar oro-
tein matrix structures have been observed b; 
Theno and Schmidt (lg78) and Ray et al. (lg7g) . 
Figure 3a depicts the cryofractured surface of 
frankfurters fixed in 3% gl utaraldehyde and post-
fixed in 1% Os04 to preserve the lipid structure . 
Both the protein and 1 ipid components are we ll 
preserved. Upon closer examination (Fig. 3b), it 
is evident that a large number of round fat par-
ticles are present which range in size from 50 J.Jill 
for the large globules to seve ral J.Jffi in dia11eter 
for the finely dispersed sma ll droplets. The fat 
globules are evenly distributed throughout the 
frankfurter rna tri x. 
Stereo i maging is a very useful and informa-
tive technique for visualizing surface texture. 
Stereo imaging was used to further examine the 
cryofractured surface of glutaraldehyde fixed, 
Os04 post-fixed frankfurters (Fig. 4). As ob-
served in figure 3, the protein matrix appears 
ladened with well dispersed lipid globules . Some 
of the globules appear to have been drawn out 
from the exposed fracture face and appear as 
small , uniform, rounded droplets. This could be 
circumvented by f i xing the samples initially in 
Os04 prior to glutara l dehyde fixation as de-
scribed by Carroll and Lee ( l g81). The protein 
matrix is seen to be very finely textured with 
some larger fat droplets, and a few voids can be 
seen where the fat droplets have been disl odged. 
Lipid composed predominantly of saturated fats i s 
difficult to preserve because osmium tetroxide 
may not adequately fix them due to the absence of 
unsaturated bonds with which to react (Dawes, 
1979) . Also , the voids may be the result of air 
pocke t s (Car roll and Lee , 1g31). When figure 4 
is compared to figures 2 or 3, it is apparent 
that the stereo pair results in a more informa-
tive image of the emulsion surface. 
Two groups of frankfurters were 
New Preparation Technique for SEM Samples 
cryofractured and directly freeze dried without 
fixation, one set had an additional 0 .5 percent 
phosphate added to the preblend. Energy disper-
sive x-ray microanalysis was performed on the 
fractured face of these samp les. Qualitative 
x-ray profiles are shown in figure 5 illustrating 
the rel ative content of the major ions between 
the two grou ps of frankfurters and indicates that 
FRANKFURTER PREPARATION REGIMEN 
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E L EC T RON IMAGE 
Fig. 1. Flow diagram of frankfurter preparation 
regimen. 
Fig . 3. (a) Cryofractured surface of glutaralde-
hyde fixed, osmium tetroxide post-fixed frank-
furter. Large gl obules of fat (F) are embedded 
in a finely textured protein matrix (M}. Arrow 
denotes smaller fat droplet. Bar = 100 )J m. 
(b) Higher magnification (lOx} of area indicated 
by arrow in Fig. 3a. Sma ll fat droplets (F) fill 
vacuoles depicted in figure Za. At this magnifi-
cation, even smaller , finely dispersed fat drop-
lets ca n be seen (L). 
Fig. 4. Stereo pair of 
glutaraldehyde fixed, os-
mium tetroxide post-fixed, 
cryofractured surface of 
frankfurter. The fine 
structure of the protein 
matrix i s well preserved. 
Stereo imaging provides 
excellent 3-0 visual iza-
tion of rough, lipid (L) 
laden fractured surface . 
Sma l l fat droplets (F) 
readil y stand out in a 
finely textured prote i n 
matrix (M). The arrow de-
notes a few empty vacuoles 
where fat drop l ets may 
have been dislodged. Bar= 
10 )Jm. 
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Fig. 2. (a} Cryofractured surface of glutaralde-
hyde fixed frankfurter. The protein matrix (M) 
is preserved with no noticeable 1 i pid component. 
Empty vacuoles (E) remain where large fat glob-
ules have been dissolved away . Sma ller vacuoles 
(arrow) which once contained smaller fat droplets 
are also present. Bar = 100 )J ffi. (b) Higher mag-
nification (lOx) of area indicated by arrow in 
Fig. 2a . Note absence of lipid material in pro -
tein matrix . 
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the additional phosphate added can be detected by 
this method . State-of-the-art instrumentation 
exists which allows for the quantitative x-ray 
profile analysis of ma ny SEM samples; unfortu-
nately, due to specimen preparation pr oblems, 
direct application to all food products has not 
been rea 1 i zed. 
In terms of preservation of structural re-
lationships in meat emulsion systems, the tech-
niques developed in this study provide comparable 
SEM results to those reported by others (Carroll 
and Lee, 1981; Ray et al., 1979; Theno and 
Schmidt, 1978). In add i tion , the use of osmium 
tetroxide post-fixation provides a quick method 
of distinguishi ng protein from lipid in meat 
emulsion systems and may be useful for the exami-
nation of structural changes in the lipid and 
pro tein components of many food products . Major 
advantages of the techniques described in this 
paper are the relative rapidity and capac ity to 
handle a large number of samples simultaneous l y 
as compared to critical poi nt drying . A typical 
cr iti cal point drying device consists of a rather 
small, high pressure cylinder which restricts the 
number of samples that can be processed with each 
run. The large desiccator technique described 
not only allows for the simultaneous preparation 
of a large number of samples, but al so is sa fer 
and less expensive. 
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Discussion with Reviewers 
R. J. Carroll: Have you compa red thi s procedure 
which includes cryofracture foll owed by fixation 
with fixation fol l owed by cryofracture? Do you 
find any differences? 
S. H. Cohen : What would have happened if the 
samples were fixed prior to freezing? Why were 
t he samples frozen immediately? 
Autho r s: Th i s study utilized only cryofracture 
fo ll owed by fixation and fixation followed by 
cryofracture was not attempted. The penneabi 1 ity 
of the fixative in this system is unknown; there -
fore, the denree of fixation of the internal 
matrix is questionable. As a consequence , f i xa -
tion was performed after cryofracture to assure 
complete fixation of the exposed su rface . 
S.H. Cohen : Why was MES chosen for sampl e 
prepa r ation? 
Authors: NES buffer was used because the pKa is 
5 . 96 and the pH of the solution was 6.00, thus 
it has muc h buffering capacity i n this range. 
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Abstract 
Histolog i cal chanyes in wiener batters 
during chopping and cooking have often been 
illustrated with "represe ntative" fields . The 
practice of se l ec ting represen tat ive fi elds 
ignores variation and leads to word descr iptions 
that cannot be correlated with numerical sco res 
for functional or sen sory tests . If wieners ar e 
regarded as a multi-component system, objec tivity 
can be achi eved by selecting many fields for each 
samp l e according to a rigid sampling plan. Ima ge 
analysis quantified parameters of both the fat 
and protein components . The reduction in size of 
fat globules during chopp i ng of a commercial 
formu l ation, for examp l e, was a function of area 
and aggregate per imeter of several hundred 
globu l es compiled by a cor.1puter . There wa s no 
relati ons hip between wiener firmne ss and any 
feature of the microstructure ; but even at a low 
magnification of 30x , several sta ti st ically 
differen t factors were exposed during t his survey 
which require furt he r study . 
Init ial paper received January 20, 1983. 
Fi nal manuscript received July 15, 1983. 
Direct inquiries to A.G . Kempton . 
Tel ephone number: 519 - 884 - 1211 . 
KEY WORDS: morphology, mic rostructure, wieners, 
meat, image analysis 
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Introduct ion 
The microstructure of a food i s usually 
studied for one of two reasons. There arc basic 
studies f or which the dominant motive i s 
intellec tua l curiosity, where representative 
photomic rographs enhance the discussion of 
results as well as illustrate principal 
observations. Mere often , the microst ructure is 
examined to deterr.Ji ne how t wo or more batches of 
the same foodstuff differ physically as a res ult 
of changes in product formul ation , production 
met hods or spoilage . In such comparat iv e 
studies, the use of subjectively SE.- lected 
"rep resentative " microscopic fields may 
illust rate differences but not quantify them. 
Knowing that two or more samples a re different in 
some way, a microscopist may tend to se l ec t t: 
field t hat will "represent " only t he differences 
and ignore the similarities. The purpose of this 
paper is to suggest tha t multi -component foods be 
examined according to principles used i r1 
mathematica l ecology, implying objective sampl i ng 
plans and statistical analysis to quantify 
differences . This approach will produce 
numer i ca l va lues for structu r al features which 
nay t hen be compa red to numbers generated by some 
funct ional or sensory test. 
The subj ec t of this r·eview has been under 
stu dy fo r mo re than t~1enty yea rs . Hansen (1960) 
is gene rally credited as the first to conauct a 
mic roscop ic examination of fine ly comm i nuted 
meats such a wieners . Makin g wiene r s and si milar 
sa usage products had long been an indu s trial art 
and a co!Tlllercial succes s , but fat and v:ater lo ss 
during processing ~:a s sometin1es excess ive. 
Although th i s problem proviclf'd the impetus for 
liansen ' s work , he used l ow-magnificntion 
microscopy to seek an understandi !'lg of the basic 
theory governing the stability of vliener 
emulsions . He showed that the amount of chopp ing 
lilust be sufficient to form a prote i n r:1c1trix whi ch 
f ully enclosed the dispersed fat globul es ; that 
the salt soluble proteins appeared t o concentrate 
at t he surface of the fat globules to form a 
stabil iz i ng membra ne ; and that the higher tempe r -
atures assoc iated with excess chopping might 
partia lly denatu re the prote in matrix and permit 
unp rotec ted fat globules to sepa rate during 
smoking and cook i ng . Hansen's only experiment 
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involving the microstructure of the whole wiener 
was the one on variable chopping time that 
emphasized the role of the protein matrix. His 
demonstration of a protein membrane around the 
fat globules was obtained experimentally by 
examin1ng a diluted slurry \-Jhich had been 
defatted with xylene, and the essential role of 
salt solub le proteins was demonstrated in a model 
system involving meat extracts and pork fat mixed 
in a laboratory blender. 
It was primarily through the use of model 
systems, rather than further studies of micro-
structure, that the role played by sult soluble 
proteins in the formation of stabilized 
comminuted meat systems was to be studied more 
thoroughly . S~t1ift, Saffle and their co-~t1orkers 
~t1ere among those who categorized meat prote·ins on 
the basis of their emulsifying capacity in mode l 
systems (Swift et al. 1961; S~tlift and Sulzbacher 
1963 ; Helmer and Saffle 1963; Saffle and 
Galbreath 1964; Carpenter and Saffle 1964, 1965; 
Saffle 1968; Acton and Saffle 1970, 197!). 
During this period , Borchert et al. (1967) used 
electron microscopy to show the protein membrane 
around fut globules and its disruption during 
cooking; and coincidently pointed to the exis-
tence of rnuny fat bodies as small as 0.1 JJm with 
the hope that this would stimulate further work 
on the nature of meat "emulsions". The signifi -
cance of the work of Borchert et al. (1967) was 
thilt. the protein membrane around fat globules 
could apparently be broken during cooking without 
causing fat loss . 
Work on the prob-!em of fat separation during 
cooking overshadowed atte-ntion to th€' continuous 
protein phase described in the microstructure 
study by Hansen (1960), anci there was a sema ntic 
difficulty caused by the use of the word 
"emulsion". For example, Fronirg et al. (1970) 
shO~tif?d that salt soluble proteins were as essen-
tial to \·Jieners made from poultry meat as they 
were to red meats , and by imbedding sections in 
paraffin they illustrated this with photomicro-
graphs . However, they described meat emulsions 
simply as 11 oil in water emulsions with the 
disperse phase being droplets of the oil and the 
continuous phase being water". Jr. a similar 
paper. Hargus et al. (1970) discussed differences 
in structure between proteins in white and dark 
turkey meats. These authors seemed willing to 
interrelate fat and protein in their two-
paragraph discussion of a histological survey, 
but they Dnce again empha~lZed fat globule size. 
Angel et al . (1974) did a comparative study of 
three machines for mechanically deboning poultry 
meat, using variable chopping times an d micro-
st ructura l differences between ra1<1 and cooked 
products as bases for comparison; but in line 
~tiith the existing practice, they restricted their 
analysis of structure to the size and distribu-
tion of fat globules. 
In the colloquial sense, "emulsion" had been 
used by sa usage makers to imply the dispersion of 
fat in a protein matrix; whereas, in the physico-
chemical sense, a true emulsion was defined by 
Becher (1965) as "a heterogeneous system consist-
ing of at least one immiscible 1 iquid intimately 
dispersed in another (liquid) in the form of 
droplets, whose diameters in general exceed 0.1 
JJDl". True emulsions were probably obtained by 
those such as Saffle (1968) who used oil 
titration methods to measure the emu lsify ing 
capacity of various proteins . Yet van den Oord 
and Visser (1973) questioned the assumption that 
wieners were true emulsions and shifted the 
emphasis from fat alone back to the fat-protein 
matrix system. Usi ng extensive photDmicrographs, 
they described wiener batters as particles of 
solid fat rather than droplets of liquid oil, 
dispersed in a salt-water- protein matrix . After 
cooking, the fat particles were described as 
being enclosed in cavities formed by the 
coag ulated , solid, protein-like neh10rk. 
Furthermore, none of the products they studied 
had a protein membrane that was different from 
the original fat cell membrane. 
It may be impossible to encompass all 
COillllercial products within a single theory. 
The no and Schmidt (1978), using SEM, found that 
one brand of frankfurter had a coarse protein 
matrix which mechan ically fixed large fat 
globules in dccordance 1·1ith the structure 
proposed by van den Oord and Visser (1973}. 
However, a second brand had a more finely-
textured protein r1wtrix and 1t1as "emulsion like" 
~tlhilc a third had the characteri:.tics of a true 
emulsion ; namely, the fat particles had been 
reduced to an extremely small size, they did have 
a pt·oteinaceous coat, and they were bound in 
place by small protein cross bridges. In a 
related note, concerning the variability in 
commercial products, Cassens and Schmidt (1979) 
\\'ere able to statistically s upport the contention 
of Angel et al . {1974) that the firmest wieners 
had the smallest fat globules, but they suggested 
that fin.mess was related to the more extensive 
protein matrix required to surround the larger 
number of 5n1aller fat globules . 
Renewed emphasis on the function of proteins 
was r-:1ost important to those who wished to replace 
some of the meat with comparatively less expen-
sive vegetable and milk proteins whil e retaining 
maximum nutr itional value and satisfacto ry 
functional and sensory properties. Randall et 
al. (1976) found that the use of extenders such 
as textured soy protein, powdered soy protein, 
soy isolate, gluten and egg white. as well as 
tripe and cooked beef, decreased firmness and 
increased water loss during cooking in proportion 
to the rate of substitution. However, the fat 
loss was not severely affected until the replace -
ment rate exceeded 40% of the meat protein. 
Referring to the microstructure study of Cassens 
et al. (1975) for support, they sunnised that the 
textun~ of the replacement protein governed the 
texture of the finished product. They concluded 
that fat and water binding are not unique factors 
contributing to textural properties, and that a 
property of the protein such as thermal coagula -
bility exerted a greater effect. Smith et al. 
(1973) concluded that finely-divided protein 
solids can play a role in emulsion stabilization 
based more on their physical state than on their 
solubility . Comer (1979) showed decisively that 
conventional measurements such as the emulsifying 
capacity of proteins did not correlate with 
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either emulsion stability or texture in wiener 
formulations. On the contrary, various fill~rs 
which had favourable etfects upon homo~enate 
stabi 1 ity had negative effects upon product 
texture. He stressed the observation that water 
binding and gelation characteristics of the 
proteins probably account for the comparative 
softness of ~vieners containing vegetable protein. 
A previous report from this laboratory 
(Kempton et al. 1982) showed that the inclusion 
of nonmeat proteins in wiener formulations caused 
major distortio ns in the microstructure of the 
batters whi ch were clearly visible at a 
magnification of 30x under a light microscope, 
but only in some fields . Therefore , a large 
number of photographs was obtained for each 
prcduct by a rigid, objective sampling plan. The 
degree of distortion in each photograph ~1as 
measured by pattern analysis and the results were 
subjected to computer analysis by a statistical 
package kr.own as the "two-within-four randomiza-
tion test" . The results were expressed as the 
number of slide preparations on which the 
ingredients were "clumped" rather than having a 
random pattern. Emphasis was placed on the 
unrel iabi 1 ity of "representative" fields. which 
would have been more unreliable at higher magnif-
ications. This present study pursued the concept 
that the r:Jicroscopic evaluation of wieners should 
be base d on an objective evaluation of rnany 
fields selected by following a rigid sa rnpl ing 
plan. Image analysis, cuupled to s tatistical 
methods 1vhich are comparatively simple and 
readily available, was applied to a survey of the 
changes that occurred during the diopping ar1d 
cooking of various industrial wien e r formulations. 
The program used measured the total a rea and 
Table 2. Olaracteristics of exr:weriri'ental prcx:.lucts 
Sanple 
It! 
Q:signation 
~Wiun 
Coarse 
flediun 
Fine 
rvedill11 
fv'ediun 
Fine 
Fine 
1 Extender added after 150 revolutions 
Revolutions 
in cutter 
]50 
75 
150 
225 
]50 
150 
2251 
2252 
2 Extender and binder added after Ell revolutions 
perimeter of both the fat and protein phases 
because current theories of wiener structure 
involve the formation of a continuous protein 
matrix of sufficient perimeter to surround the 
discontinuous globules of fat . This 
demonstration of image analysis stresses the 
difference bet\·Jeen the type of infonnation 
obtainable by quantitative analysis ana 
subjective word descriptions of representative 
fields. 
~laterials and 1'-':ethods 
1-laterial s 
---Th-e-"comf11ercial" batters \1/ere prepared and 
supplied by a major producer of corrrninuted meats 
and represented a typical least-cost formulation. 
The precise ratio of ingredients was not 
divulged . A 100-lb lot reterred to only as a 
"final blend" was placed in a Kraru.:r-Grebe silent 
cutter. Grab samp les of several pounds each were 
removed by the sausage 111<.1ker after 10, 20, 30, 40 
and 50 revolutions. A portion of each sample r1as 
Tv!Jle 1. Characteristics of camercial products 
!l:signation Revolutions Yieldl Fat lossl 
in cutter (% vol~re) (% vol LJ1E) 
Coo.rse 10 90.55 0.99 1.99 
20 91.08 0.52 1.9S 
t"ediun 30 92.55 0.22 2.19 
40 92.44 0.17 1.94 
Fine 50 92.53 0.18 1.96 
1 All values are rreans of 10 ()?terminations 
Ingredients 
(Protein Scucce) 
Tota l Texture (kg) 
ALL i'£AT 
fEAT+ 
EXTEIIJER II(). 
l•fAT + 
EXTEIVER II(). 2 
I·EAT 
EXTENDER II(). 3 
PEAT+ 
EXTOOER II(). 
Shrink 
(%'eight) 
10.98 
12. 15 
12.04 
11.77 
11.29 
11.05 
!0.71 
10.52 
HS09J=0.223 
3.00 
1.85 
1.89 
1.93 
1.96 
1.93 
1.58 
1.50 
3 fbnest Significant Difference based on Tukey's test ('l:l% level of probability)" 0.22. 
29 
A. G. Kempto n and S. Trupp 
frozen at - 18°C and retained as t he ra 1" product , 
a n<.J t he remainder was sent to 0 . Raymond, Food 
Research Institute, Ottawa, Ont. , where cook 
stability was determined by the method developed 
by Ranken (1973) as modified by Randall et al. 
(1976). Fin11ness of the cooked product was 
measured using the method desc ribed by Vo i sey and 
Randall (1977) fo r the Universal Food Rheoc" 'er 
(UFR) . Pe1·ti nent performance data are summarized 
in Table 1. Finished wieners were frozen, and 
return ed for microstructure analysi s . 
The "experimental" batters containing 
significant amounts of nonmea t prote in were 
supplied by a second industrial concern . Batte rs 
were prepi!red in a silent cutter . Wi ene r s 
representins eac h batter we re prepared and 
eva l uated as described above. However, Table 2 
was constructed from data s upplied by the 
manufacturer . Complete formulations and 
variables in preparation were made available 
(Kempton , unpublished}, but Table 2 contains only 
information required for this paper. The 
in volvement of different industrial and govern -
mental laboratories , and the transport of large 
samples, made it logistically impossible to 
i11rnerse samples in li quid nitrogen. Pre li minary 
studies showed that the structural damage caused 
by freezing to -1 8°C did not obsc ure t il e ability 
of image analysis to qua nt ify similarities and 
differences !.lmong the various products. 
Sampl8 Preparation and Mic roscopy 
Fig. 1 is an abbreviated illust ration of the 
procedure used to obtain microscopic fields 
s uitabl e for sta tistically val i d ana l ys i s . For 
additiona l infornot i on see Kempton et al . (1982) . 
Five sample unit 5 were taket1 at random from the 
2-ky frozen samrle of raw product and trir.r11ed to 
2 em x 2 em x l ern rcctongular prisms , while 
filil intaining the temperature at -1 8°C . For cooked 
products, the sample units were 5 Hieners made 
from the batter, frozen for transpot·t, and kept 
frozen at -l 8°C. 51 ices 20 vm thick were made 
with n Cryo Cut Cryostat (MoGP.l 840 , Ame.-l'ican 
Optical (A/0) , Buffalo, N. Y. ) set at - 25 ' C. 
Thret:: slices were taken from each unit by 
selecting the fir~t slice, discarding the next 
nine , selecting the eleventh, discarding the: next 
nine and finally selectin9 the tweuty - first 
slice . 
The slices were fixed on slide s by immersion 
in a 1: 1 (v/v) solution of saturated mercuric 
chloride and absolute ethanol for a minimum of 6 
h. The fixed s l ices were stained for 20 mi n in 
a working so luti on of Oil Red 0 according to 
Disbrey and Rack (1970). The slides were washed 
in running \·late r f or 10 min , counterstained i n a 
0 . 5% solution of Light Green (C . !. No. 42095) , 
then washed again in ru nning water for 10 min . 
Fat retains the red stair. and the protein 
component i~ stained green. 
The stained sl ice:s were mounted under a 
Nikon A~hcphot mi croscope (Nippon Kogaku KK, 
Jupen) equipped with a 35 llJil Nikon M-35 FA 
camcro . Each slice was sampled by photog1·aphy of 
as many as four adjacent fields on eac h of b1o 
linear tran~ects (called Planes on Fig. 1). This 
plan potentially y i elds 120 objectively selected 
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Fig. 1. Sampling procedure from whi ch as many as 
120 photographs could be obtained ft·om each 
sample (5 units x 3 slices x 8 microscope 
fields) , reduced to 48 photographs by random 
select i on . See Keu1pton et al . (1982} for 
complete details. 
photographs of each sdnlple . This plan was 
reduced to 48 randomly se l ected photographs by the 
procedure detailed on Fig. 1 . After experience 
with the degree of homoge ne ity found , the 
sampling was reduced to as few as 20 photographs 
during the course of this study . 
Component Ana 1 ys is 
In order to analyze each component in the: 
photographs. it wa s necessary to trace each 
separately onto a transparency s heet using a 
black, felt-ti pped pen. Each tracing was 
analyzed using an Image Ana lyzer (Quantimet 720 , 
Imanco, Monsey, N. Y. }. The program, written in 
Bas ic language , inputs area and perimeter for 
each feature and accumulates area and perimeter 
to give aggregate totals. 
The data were analyzed by a two-way f i xed 
effects analysis of variance us ing BMDP70. The 
Image Analysis of Wieners During Chopping and Cooking 
factors themselves were PREPARATION [RAW, COOKED] 
and GRIND [COARSE, MEDIUM, FINE]. No post-lwc 
tests were performed. 
Results and Discussion 
Chopping and Cooking of an All Meat Commercial 
Formulation 
Experiments involving variable chopping 
regimes have been done several times with wieners 
of varying composition . However, the first part 
of this study differs from previous work in that 
changes in both the fat and protein phases wen:: 
described in numerical terms, the amount of void 
or open space was measured, and quantitative 
measurements of the interaction between the 
amount of chopping and changes during cooking are 
also novel. Kempton et al. (1982) explained why 
many microscopic fields of each sample must be 
selected by an objective sampling plan such as 
Fig . 1 if the results of histological studies of 
wieners are to be presented as statistically 
valid numbers. In this present paper, irnz..ge 
anillysis was used instead of pattern analysis 
because the major expected change was that the 
fat component would be dispersed into more but 
smaller particles as chopping continued. Wiener 
batters were tested for tat loss and yield during 
cooking, and UFR measurements of firmness were 
n:ade on the fini shed products (Table 1) so that 
the potential for comparing morphological changes 
and functional chayacteristics would at least 
exist. 
Ingredients of a commercial formulation 
chopped for 10 revolutions in a silent cutter 
produced a batter Hhich the sausage maker 
described as "coarse"; vdth batters chopped for 
30 and 50 revolutions described as "medium" and 
"fine" respectively. The performance data given 
in Table 1 show that. even the "coar se " batter 
produced a wi ener of acceptable firmness, and the 
fat loss from this batter during cooking, while 
highPst of the thr'ee, was not considered 
excesslVe. Fig . 2 may be of inte rest as a 
reference, because as far as is known this is the 
first publication of a color plate in which 
changes in the fat and protein during chopping 
and after cooking have been shovm using a 
differential stain. H1cse photomicrographs are 
reprcsentu.tive in the statistical sense be cau se 
they we re assembled to illustrate mean values 
that had been ascertained by image analys is of 36 
microscopic fields of each treatment. They are 
presented here to di ~cuss how appearances may be 
aec.eiving when any one photograph is selected to 
represent a product. Subjectively, the fat 
globules in the coarse batter (Fig. 2a) could bE' 
described as large amorphous massf's that became 
more regular and ovoid as chopping progressed, as 
well as becoming smaller (Fig. 2h, 2c). 
Similarly, the protein in the coarse batter could 
be described subjectively as thick strands 
retaining some evidence of tissue structure ~1hich 
v1aS dispersed into a thinner, more uniform matrix 
during chopping . The point is that these simple 
and expected changes v1ere not substc.ntiated by 
visual inspection of a11 the photomicrographs 
obtained by the random sampling plan outlined in 
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Fig. 1. When all 108 photographs of these 
batters v1ere shuffled like a deck of cards, they 
could not then be divided accurately into three 
piles corresponding to the amount of chopping. 
On the other hand, all 216 photographs could 
be easily and accurately sepilrated into two piles 
corresponding to raw batters and cooked wieners. 
This separiltion was based primarily on the darker 
hues of both the fat and protein phases after 
cooking, and secondarily on t he impression that 
there was less material and more open space , 
generally , in the photographs of the cooked 
product. The subjective observation of greatest 
theoretical importance was that most of the fat 
uglobules" in the raw batters appeared to be 
closely surrounded by a coating of protein; while 
after cooking (Fig . Zd, Ze, Zf) the fat could be 
described better as irregularly shaped 
"particles" which appeared to be retracted from 
their protein coating although most remained 
trapped in crevices within a protein matrix. 
This subjective analysis of Fig. 2 agreed more 
with the theory propos ed by van den Oord and 
Visser (1973) than with the emulsion theory. The 
description of fat in raw batters as amorphous 
masses surrounded by protein corresponds to the 
concept of a dispersion cf solid fat, and the 
er1closure of fat in cavities formed by the 
coagulation of protein during cooking suggested a 
physical network rather than an emulsion. 
However, as it was with photographs of the raw 
batters, the 108 photographs of the cooked 
wienel'S could not be subdivided visually into 
three piles co rresponding to the amount of 
chopping . Therefore, the program of image 
analysis was broadened to determine whether there 
11ere quanti tu t i ve differences between a raw 
batter and its corresponding cooked product in 
eithtr the fat, protein or open space components 
and to determine whether there were subtle 
changes during chopping which co uld not be 
discerr.ed by visual analysis of the randoml y 
selected microscopic fields. 
It was not possible to perform image 
analysis directly on the colored photographs by 
using filters to block one color while measuring 
the complimentary color, which would appear 
black. There were two technical problems which 
prevented this preferred approach. First, the 
colors were not unifonr. and no sinsle filter 
vmuld block out all of the fat , which varied in 
hue betv1een pale pink and deep red. Similarly, 
the color of the protein varied from blue-green 
to black. The second problem was that there were 
areas in every photograph whE:-re fat and protein 
were overlayed, and red and green together 
blocked all transmitted light and produced a 
black photoyraphic image in those areas. Both 
problems are related to the fact that a slice has 
depth. This difficulty could probably be reduced 
by obtaining thinner slices, but it will be 
inherent in images obtained by transmitted light 
through any histological preparatiun. Bergeron 
and Durand (1977) overcame the problem of 
conveying histological information obtained from 
co 1 ored photographs with \1/0rd descriptions by 
tracing the structures they wished to discuss. 
Tracing each component in the wiener separately 
A. G. Kempton and S . Trupp 
produced a series of three images for each 
photograph as illustrated by Fig. 3. Diagrams of 
the empty spaces (Fig . 3c, 3f, 3i), which are 
either air pockets or water , were used to ensure 
that the sum of the thl'ee compcnents equalled the 
total area of the photograph . The tracing 
process introduced subjective decisions in areas 
of the colored photographs where fat and protein 
were overlayed . Furthermore, it is unlikely that 
all of the ve ry small holes in the protein 
matrix , and all the very small fat particles 
particularly evident in Fig. 2c , 1--1ere accurately 
portrayed in Fig. 3g. However, Fig . 3a, 3d , 3g 
illustrate the dispersion of fat, and Fig. 3b , 
3e, 3h port ray the formation of a "honeycomb" 
protein matrix more clearly than Fig . 2. 
Admission of this diff i culty is one reason why 
the procedure v1as evaluated first on an all meat 
formulation, about which there is a large body of 
histological knowledge and predictable results 
we r e expected . Computer printouts of data 
obtained from image analysis of the chopping and 
cooking of an all meat wiener formulation are 
given as Fig. 4 , Fig. 5, Fig. 6 and Fig. 7. 
No ~priori assumptions were made regarding 
the degree of central tendency that would eme~·ge 
from analysis of tracings of 36 photornicrc;graphs 
or what type of distribution around the mean 
cuuld be expected . A relatively l arge range was 
expected from cursory analysis of the many fie l ds 
selected by t he objective sampling plcHl. For 
example, one photograph of the coarse raw batter 
was abcut 80% blank space. I n s pite of t he 
range , t he resu l ts approxin1ated a normal 
distribution uround mean values. Based on mean 
values , the area occupied by prote ·1n did not 
change at all during chopping (Fig . 4) and an 
apparent upward trend in the area occ upied by fat 
dul'ing chopping was not s tatistical ly significant 
(Fig . 5) . Since the tota l area occupied by fat 
or protein was not expected to change during 
chopping, these consistent n1ea n values, each 
derived from 36 photcgraphs, indicated that this 
technique probably quantified his tological 
changes with greater accuracy than could be 
achieved by any assessment of single r epresen-
tative fields . 
The average size of the fat globules was 
expected to change during chopping , by all 
previous reports and by visual assessment of the 
photographs . This could not be adequdte l y 
illustrated by dividing the area occupied by fat 
by the number of fat globules t o give a numerical 
"average" . Kempton (unpublished) produced 
histograms showing that chopping caused an 
increase in the number of smaller fat globules; 
but the numerical average size was weighted in 
the direction of one or t~<IO large globules that 
accounted for as much as 50% of the fat , even in 
a finely chopped batter . Howeve r, image analysis 
showed that the aggregate perimeter of the fat 
phase in the raH batters increased from 1000 mrn 
in the coarse batter to i500 mm in tire fine 
batter : an increase of 50% (Fig. 6 . ) Since the 
area remained statistically constant , this in-
crease in perimeter became an i ndirect nume rica l 
rneasurement of the decreasing size of the f at 
globules. This ir1crease in the fat perimeter may 
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be a direct measurement of the increase in 
protein perimeter required to enclose the iat. 
Angel et al . (1974) and Cassens and SchrTidt 
(1979) concluded that firmness i'.ras directly 
related to the size of the fat partie!~~ . 1hat 
was true in their studies of various fini ~hed 
products , but if universally applied it wculd 
mean that continued chopping should incrEase 
firmness . In this study, UFR measurements uf 
firmness (Table 1) did not correlute with the 
decreasing size CJf the fat globules . The 
decrease in size of the fat globules was the cnly 
structural change that was directly correld.td 
~<lith the amount of chopping; but contr-ary to 
other repol'ts , this was of no pract-ccl 
significance as a criterion for performance. 
All other statistically different 
observatio ns showed that the medium batter , and 
the wieners made froril it, were distinct in 
severa l \'lays . For example , and to complete the 
discussion of changes ca used by chopping, Fi~. 7 
shows th<.!t the perimeter of the protein plase 
increased betvl(:£-r. the coarse and medium chopping 
regimes, but fell back as chopping continuec to 
the "fine" stuge . After cocking , the crea 
occupied by protein was greater in the med ium-
ground proC:uct, but unchanged (at 2700 nw2) in 
the other tHo (Fig. 4) . Fat l oss during coo k· ny, 
expressed as area (Fig . 5) , was CY.pected to 
con,·elate i'lith the actual lo~s of fat showr in 
Tab l e 1 but it did not. Although bo t h ~:\t reme 
batters lost fat, according to the n~orpholog r cal 
duta there i'.ras no loss of fat when the medium 
batter was cooked . Since the area uccupied by 
fat and protein distinguished the r.redi um ba·.ter 
but ciid not change in any consistent pat ~ern 
during cooking, the question of i~hether the fat 
shrank or the protein expanded (Fig. 2) v1as 
r·eso l ved . The t wo phase s simply dre1--1 apart. 
Fig. 7 singles out the medium batter i:tgain as the 
only one to show a loss in the aggregate 
perimettt' c.:f the protein ~hase dut·ing cooking. 
Further discussiun of the unique nature of 
the "medium" chopping regimEc>, includi ng 
interactions among structut·al parameters, wou ld 
not be productive at this time . Empirically , the 
medium batter was expected to produce the fi rr.rcst 
wier1er, with the least amount of fat loss e1nd 
total shrin k during cooking. This was not borne 
out by measurements conducted by Agriculture 
Canada and given in Table 1 . Ther'efore, there is 
no perfon11ance criterion to \'lhich the observed 
structut·al differences associated with the n1edium 
batter can be ccmpa red . 
Chopping and Cooking of Experimental Formulations 
Containing Vegetable Proteins. 
Wieners made i·lith significant amounts of 
nonrneat protein were known to be fundan:entall y 
dif f erent , histologically, than comparable all 
meat products . Pattern analysis showing clumping 
was one way of rne<.lsuring charges visib l e at low 
magnification (Kempton et al. 1982) . Image 
analysis exposed further diffe r ences . Fi~J . b 
includes an al l meat control , but other....lise it 1s 
analagous to the way changes in the area of the 
protein were displayed in Fig . 4 . The area of 
Image Analysis of Wieners During Chopping and Cooking 
Fig. 2 Photos a-c : Representative fields of conmercial wiener batter chopped to coarse, medium and 
fine sta ges respectively. Fat is stained red, protein is green. Photos d- f: Representative fields 
of corrroercia l cooked wieners produced from batters chopped to coarse, medium and fine stages 
respecti vely. Fat appears to be trapped in protein matrix . 
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Image Analysis of Wieners During Chopping and Cooking 
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Fig . ~ Typical traci~gs of each component in corm1ercial wiener batters, showing changes dur in g 
chopp1ng. These trac1ngs were subjected to i mage analysis. 
the photomicrographs occupied by protein did not 
remain constant during chopping the way it did 
with al l meat batters. Compared to the specific 
control for this experiment, the coarse ly chopped 
amended batter appeared to have more protein, the 
medium batter had the same amount as the control 
(3300 rm12) and the finely chopped batter had 
less. A loss of protein area occurred during 
cooking, except for the finely shopped amended 
batter whi ch having l ost the most during chopping 
posted a gain during cooking . The large 
shrinkage in the protein component of the a~ 1 
meat product (Sample I) from 3300 to 2000 mm , 
was totally unexpected. This may be a measure of 
the variation encountered in comparcttive studies 
of wieners made by different companies. Fig 9 is 
introduced to show that this was not an isolated 
occurrence. Various formulations were identical 
when chopped to the medium stage, and the 
apparent shrinking of the protein during exces-
sive chopping could not be avoided by adding the 
vegetable component later in the chopping 
process. Changes in the area of protein in 
photomict·ographs indicate a change in the de nsity 
of the protein, not in the amount of protein 
present. Varying degrees of hydration would be 
one possible explanation for the changes noted. 
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Whatever the explanation may be, these changes 
and differences were not related to wiener 
fi nnness. 
Had this study been performed solely to 
relate microstructure to wiener firmness, there 
would have to be one feature emerge that would 
separate the contro l wieners that had a texture-
firmness value of 3.0 kg (Table 2) from all 
wieners containing some vegetable protein which 
had UFR values in the relatively narrow range of 
1.58-1.96 kg. Although this study was not 
successful in this respect, Fig . lO may further 
illustrate the wrong conclusion that could be 
drawn from visual assessment of photomicrographs 
while it serves to show what image analysis 
actually measured . These tracings represent mean 
values and there is a striking visual difference 
between the typical "fi lagree" or "honeycomb " 
appearance of the protein phase in the all meat 
control (Fig. lOa ) and the severely fragmented 
protein in the finely ground batter that 
contained a proportion of vegeta bl e protein (Fig. 
lOd). If there were only these two samples, it 
would be subjectively cone l uded that fragmen ta -
tion is typical of nonmeat products and is the 
cause of the difference in texture . Image analy-
sis again showed that , contrary to appearances , 
A.G. Kempton and S. Trupp 
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Fig. 4 Mean values and variation in area of 
photomicrographs occupied by protein, as affected 
by chopping and cooking a commercial wiener 
fo rrau lation. 
the number of "features" (in th i s instance bits 
of protein) was not statistically different and 
the "ave rage" size of the protein f eatu r es wa s 
nearly the same. That is because the apparent 
"honeycomb" p icture shown as Fig. lOa contained a 
number of very small features . As it was with 
the fat phase in the all meat products, the 
apparent differences in the protein strands could 
be measured only by the interaction of protein 
area (Fig. 8) an d protein perimeters shown in 
Fig. 11. The coarse batter that had the largest 
protein area also had the smallest protein 
perimeter of the four batters. In other words, 
the large protein mass which occupied 4200 mm2, 
as quantified in Fig. 8 and illustrated in Fig. 
lOb, had a per i meter of on l y 1650 mm. The finely 
ground batter 2hat had only 57 % as much protein 
area (2400 rrrn ) had as much perimeter as the 
coarse batter (1800 mm). This high ratio of 
perimeter to area was t he true measure of the 
smaller size of the protein features in the fine 
batter shown in Fig. lOc. The "control 11 batter 
(Sample I, Fig. lOa) and the medium batte r 
(Samp le 3 , Fi g . lOe) were similar in both area 
and perimeter (Fig. 11). Thus what was seen 
pictorially was caused by c hoppi ng, but it was 
apparently not related to firmness. The two that 
looked most alike (the control and the medi um 
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Fig . ~lean value s and variation in area of 
photomicrographs occupied by fat, as affected by 
chopping and cooking cormtercial wiener 
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batter) produced wieners that were widely 
different in texture. Two that looked quite 
different (the coarse and medium batters) 
produced wieners that were texturally similar . 
Any emphasis on the fat component at the 
expense of the protein componen t seemed 
unwarranted be ca use it was the protein that was 
substituted. In this stu dy, the behaviour of the 
fat pha se was li ke a mirror image of the changes 
in the protein phase (Fig. 12 and Fig . !3) . 
Dur i ng chopping , t he area occupied by fat was 
initially less in the coarse batter t han in the 
all meat control and t hen it expanded in t he fine 
batter (while the protein first expanded and then 
shrank). After cooking, the only anomaly was the 
~~~~n~a~~~d~~~~r~~;~o~4 ~~ ~~ ~~t 1 i~o t~~2 f~~:~~ 
values). 
This f inely chopped product was unique . It 
appeared to be composed of protein fragments 
(shown i n Fig. lOd ) enclosed i n a continuous fat 
phase rather t han the convent i ona l view of a 
wiener (Fig . 2) as fat particles dispersed in the 
continuous protein phase . In spite of a total 
inversi on of the accepted mode 1 this product did 
not lose more fat during cooking, as measured by 
total s hrink, than the other batters. Although 
no conclusion should be drawn from this single 
Image Analysis of Wieners During Chopping and Cooking 
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Fig . Mean values and variation in total 
perimeter of the fat in photomicrographs, as 
affected by chopping and cooking a commercial 
wiener formulation. 
example, the good cook stability of this visually 
peculiar product tends to support the school of 
thought espoused by Randall et al. (1976) and 
Corner ( 1979), who placed more emphasis on the 
properties of the protein than on the fat 
emulsions . 
Although the mic rostructure of wieners has 
been studied for more than twenty years, more 
discussion seems to have centered on the use of 
model systems than on studies of raw batters or 
cooked wieners. It was Hansen's 1960 work with 
model systems, rather than his study of product 
microstructure, that helped Saffle (1968) and 
others achieve an understanding of the cook 
stability problem, which in turn led to the 
development of computer controlled least - cost 
formulations ; and it was Hansen's model that has 
been cha 11 enged by others such as Corner 
( 1979) . 
Studies in this laboratory were commissioned 
to provide a visual dimension to empirical 
experiments conducted by industry on wieners 
containing nonmeat protein . A relationship 
between microstructure and wiener texture was an 
implicit goal rather than an explicit require-
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rnent . The first decision which had to be 
made concerned the selection of an appropriate 
magnification. In the first phase (Kempton et 
al . 1982) a major di stortion in wiener 
microstructure caused by the presence of nonmeat 
pl~otein was observed at 30x. Unless this crude 
"clumping" of ingredients could be overcome, 
there was no practical reason to examine similar 
amended products under higher magnification. For 
comparative studies, it is suggested that the 
lowest magnificat ion capable of detecting 
differences in structure should be used ; and that 
the significance of these differences be reported 
in the statistical sense, which requires an 
objective sampling plan. However, pattern 
analysis described the problem but offered no 
solution. Higher magnifications obtainable by 
electron microscopy could be used to conduct a 
basic study of this aberration, which could 
ignore those portions of the wiener not affected. 
The second decision was to give equal 
emphasis to the fat and protein phases . The most 
significant change in wiener technology in recent 
years has been the replacement of some of the 
meat proteins by vegetable, milk, egg and single -
celled protein . It would seem logical to place 
more emphasis on the protein matrix than had been 
done in the past. No doubt existed regarding the 
A. G. Kempton and S. Trupp 
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formulations . 
need for salt-sol uble protein to impart cook 
stability , but the s ize of the fat droplets, or 
g 1 obu 1 es, became corm1on currency in studies on 
microstructure of wieners, from Froning et al. 
(1970) to Carroll and Lee (1981) . Yet the 
problem with wieners containing nonmeat proteins 
is not stability, but firmness (Table 2). Comer 
(1979) dealt with both properties simultaneously 
as they are affected by proteins. Cassens and 
Schmidt (1979) , while being careful not to claim 
a ca use and effect relationship, did show that 
texture was related t o the size of the fat 
entities . Therefo re, both phases were given 
equal attention by using image analysis. 
The nature of open spaces or voids has been 
addressed by Carroll and Lee (1981). They are 
either a ir spaces or trapped water droplets, 
which one, cannot be determined after the specimen 
has been prepared for microscopic study . Many 
are large enough to be considered as features of 
the macrostructure and can be seen by the unaided 
eye when a wiener is sliced. In microstructure , 
at 30x they can fill some fields of view 
completely and they wi 11 be present in fields 
sel ected objectively . They, too , can be 
quar~tified by image analysis. 
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Fig. Si J'ililarities in the areiJ of 
photomicrographs occupied by protein in various 
experimental wiener formulations chopped the same 
dmount. Samples 1,5 and 6 were "medium" batters. 
Sample 7 and 8 were "fine" batters with nonmeat 
protein added late in the chopp in g regir.1e. 
Fig . 10 Photo a : Protein component of all meat 
control (Sample 1). Photo b: Protein cornponent 
of coarsely-chopped wi~ner batter containing 
non-meat protein (Sample 2) , showing thick 
strands occupying large area of photograph . 
Photo c : Protein component of medi urn chopped 
Sample 3 : not visibly different from all meat 
Photo a . Photo d: Protein component of finely 
chopped wiener batter containing nonrneat protein 
(Sample 4). Matrix appears fragmented. 
Image analysis showed severa 1 differences 
which were not obv i ous from visua l assessment. 
In both expe riments , there were greater 
differences between the behaviour of proteins 
than between t he fat distribution patterns . 
However , image ana lysis failed to sepa rate the 
amended products from their a 11 meat con tra 1 on 
the key factor of firmness. 
Image Analysis of Wieners During Chopping and Cooking 
E 
ALL MEAT FORMULATIONS WITH NONMEAT PROTEIN 
SAMPLE 11 SAMPLE 2 SAMPLE 3 SAMPLE 4 
"'MEDiUM COARSE MEDIUM FINE 3500~~~~-~~~-~~2_-~~--, 
3000 
2500 
2000 
RAW 
MCEOOO 
0000 
0 
000 
MIXIOOO 000C 
1800-MOCXlOIJCIJ 
E 1500 o 
000 
000000 
1650 -~.40000 
000 
0:: 
w 
I-
w 
::;: 
ii' 
w 
a._ 
~ 
w 
>--0 
0:: 
a._ 
0 
1000 
500 
2000 COOKED 
00 
0 000 00000 
1500 00000 00000 00 00000 MO 0 
1400 MOOO 00 MO 
"" 
MOOOOO 
1000 
50 0J_---------------~ 
1 Sample numbers refer 10 desiQnalion in Table 2 
Fig. 11 ~lean values and variation in total 
perimet~r of the protein and photomicrographs , as 
affected by chopping and cooking experimental 
wiener fonnulations. 
The loss of firmness in products contain ing 
vegetable proteins may depend on the physical and 
molecular structure of the protein. and thus the 
mechanism may be beyond the capacity of any 
microscopic study . It is suggested that t hi s be 
tested by further study of the morphology of the 
protein phase under mo re controlled conditions. 
Slices of raw batters and cooked wieners fixed on 
microscope slides can be defatted by a 20% 
solution of chloroform in ethanol without distort -
ing the protein matrix (Kempton , unpublished) . 
This el iminates the need to trace the protein in 
a multicomponent system ; and it is now possible 
to project the image directly onto a screen 
without taking photographs. Chopping should be 
done in a Mince Master, which is used in indu stry 
more widely than a silent cutter; but the 
chopping time variable could be excluded. The 
samples should be immersed in liquid nitrogen to 
el iminate the distortion caused by f reezing. The 
point i s , that image analysis is objective rathe r 
than subjective and if differences among samp l es 
that vary in firmness can be de tee ted at 30x the 
use of higher magnifications should be tempor-
arily shelved. However, if the results of the 
proposed study confirm the similarity observed 
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Fig. 12 Mean values and variation in area of 
photomicrographs occupied by fat, as affected by 
chopping and cooking experimenta 1 wiener 
formulations. 
in this pre l iminary survey , the magnification 
cou ld be increased to the limlt of the light 
mi eros cope using the same program of image 
analysis providing the number of fields analyzed 
was increased su f ficiently to establish reliable 
mean values and describe the distribution about 
the means. 
Acknowledgements 
This work was performed under contract with 
Agriculture Canada (Contract Serial OSUIB -00130). 
The basic l anguage program for the image analys i s 
was de vel oped by J. Terry, Department of 
Materials Chemistry , Ontario Research Foundation . 
Dr. G.W. Bennett, Statistical Consultant in the 
Dept. of Statistics , University of Wate rl oo, 
perfonned all statistical evaluations. This work 
is dedi co ted to Or. John Quinn (deceased) of 
Agr i culture Canada who provided inspirat i on and 
encouragement. 
A.G. Kempton and S. Trupp 
ALL MEAT FORMULATIONS WITH NONMEAT PROTEIN 
SAMPLE 11 SAMPLE 2 SAMPLE 3 SAMPLE 4 MEDiUM COARSE MEDIUM FINE 
2000 
RAW 
0 
000 
1500 0 0000 0000 
1300 
00 MODO ~ g g / o:xxxx:o 1000 ~00 ~ c 
MUX::JOQ--000 
~ 0 
500 
E 
E 
0 
<r 
w 
1-
w 
~ 
<r 
150 0 COOKED 
w 
a.. 0 
0000 
0 
1-
<t MOOD 00000 
"- 1000 000 00 
oooc 0 000 """ 
00 :~ ---~~~00 
MOCXI 0000 0 
000 00 
"""" 500 0000 
0 
0 1 Sampl e numbers re fer lo designation in Tabl e 2 
Fig. 13 Mean values and variation in total 
perimeter of the f at in photom i crographs, as 
affected by chopping and cooking experimental 
wiener formulations . 
References 
Acton JC, Saffle RL. (1970). Stability of oil -
in-water emulsions 1. Effects of surface 
tension, level of oil, viscosity and type of 
meat protei n. J . Food Sci. 35, 852-855 . 
Acton JC, Saffle RL . (1971/. Stability of 
oil - in -water emulsions 2. Effects of oil 
phase volume , stabi l ity test , viscosity, 
type of oil and protein additive . J. Food 
Sci. 36 , 1118-1120 . 
Angel S , Darfle r JM , Hood LF , Baker RC . (1974) . 
Frankfurters made from mechanically deboned 
pou lt ry meat (MOPM ) 2 . Mi croscopy . Poultry 
Sci. 53, 166- 174 . 
Becher P. l1965). Emulsions: Theory and Practice 
2nd ed . Reinhold Publishing Corp. New York. 
1- 6. 
Bergeron H, Du r and P. (1977). Identificat i on 
hi sto l og ique des differentes formes de soja 
da ns les produit s carnes. Ann. Nutr. Alim. 
31, 261 - 270. 
Borchert Ll, Grease r Ml , Bard JC , Cassens RG, 
Briskey EJ . (1967). Electron microscopy of a 
meat emulsion . J . Food Sci. l_g_, 419-421. 
40 
Carpenter JA, Saffle RL. (1964) . A s imple method 
of estimating the emu l s ifying capacity of 
various sausage meats . J . Food Sci. 29 , 
774 - 781. -
Carpenter JA, Saffle RL. (1965). Some physical 
and chemical factors affecting the emu 1 s ifyi ng 
capacity of meat protein extracts. Food 
Technol. 19 , 1567-1570 . 
Carroll RJ , Lee CM. (1981). Mea t emulsions -
fine structure relationships and stability . 
Scanning Electron Microsc . 1981 ; III: 
447 - 452 . 
Cassens RG, Terrell RN, Couch C. (1975). The 
effect of textured soy flour particles on 
the microscopic morphology of frankfurters 
J. Food Sci. 40, 1097-1098. 
Cassens RG, SchmidtR. (1979). Texture and lipid 
phase morphology of some processed meats. J. 
Food Sci. 44, 1256-1257. 
Comer FW. (1919). Functi onality of fillers in 
comminuted meat products. Can Inst. Food 
Sci. Technol. J. 12, 157-165. 
Disbrey BO, Rack JH. (1970) . Histol og ical 
laboratory methods. E and S Livingstone, 
Edinburgh, 161-165. 
Froning GW, Anderson J, Mebus CA . (1970) . 
Histological characteristics of turkey meat 
emulsions. Poultry Sci. 44, 447-503 . 
Hansen LJ. {1960). EmulsionTormation in finely 
conuninuted sausage . Food Technol. 14 , 
565 - 569 . -
Hargus Gl , Froning GW, ~1ebus CA, Neelakantan S , 
Ha r tung TE. (1970) . Effect of processing 
variab l es on stability and protein 
extractability of turkey meat emulsions . J . 
Food Sci . 35, 688-692 . 
Helmer RL , Saffle RL. ( 1963). Effect of chopping 
temperature on the stab ility of sausage 
emulsions. Food Technol. 17, 1195 - 1197. 
Kempton AG , Poloneko DR, BlssOilnette J, Quinn J. 
(1982). A statistical evaluation of 
histological c hanges ca used by nonmeat 
prote i ns in 1·1iener batters. Can. Inst. Food 
Sci. Technol. J. 15, 85 - 91. 
Randall CJ, Raymond liP, Voi sey PW. ( 1976) . 
Effects of various animal and vegetable 
protein materials on replacing the beef 
component in a meat emulsion system. Can . 
Inst . Food Sci. Technol . J . 9, 216-221. 
Ranken MD . (1973). Some effects-of added wate r 
and salt on the cooking losses of meat. 
Proc. 19th ~1eetlng European l"'eat Res . 
Workers. Paris, France, 1151-1170 . (Lim ited 
Availability: In Canado, contact the 
Research Library, Canada Packers Ltd. 
Toronto , Ontario) 
Saffle RL , Galbreath J•l. (1964). Quantitative 
de termination of salt-soluble protein in 
various types of meat. Food Technol . 18 , 
1943- 1944. -
Saffle RL. (1968). Meat emulsions . Adv. Food Res . 
16 , 105 - 160. 
Smith-----Gt , Juhn H, Carpenter Zl, f1attil KF, Cater 
CM (1973). Efficacy of protein additives a s 
emulsion stabilizers in frankfurters . J . 
Food. Sci. 38 , 849 - 855. 
Swift CE , LockettC, Fryar AJ . (1961). Colllllinuted 
meat emu l sions - the capacity of meats fo r 
Image Analysis of Wieners During Chopping and Cooking 
emulsifying fat. Food Technol. 15 , 468-473. 
Swift CE , Sulzbacher WI. (1963). Coiiiilinuted meat 
emulsions: factors affecting meat prate ins 
as emulsion stabilizers. Food Technol. 17, 
224-226. -
Theno OM, Schmidt GR. (1978). Microstructural 
comparisons of three commercial 
frankfurters. J. Food Sci . 43 , 845-848 . 
van den Oord AHA , Visser PR. {1973). 
Beschaffenheit und verteilung von Felt in 
zerkleinerten Fleischwaren. 
Fleischwirtschaft 10, 1427-1432. 
Voisey PW, Randall CJ.\1977) . A versatile food 
rheometer. J. Texture Studies.§_, 339-358 . 
Discussion with Reviewers 
Reviewer I: Although this paper is unique in 
introducing image analysis to food 
microstructure, there are serious flaws. One is 
the selection of samples with little or no 
control over significant variables such as using 
samples prepared with different sources of meat 
protein. Another is the failure to avoii the 
distortion that results from storage at -18 C by 
freezing in 1 iquid nitrogen and sectioning 
immediately. 
Reviewer II: A very large number of products of 
different compositions and chopping protocols are 
being considered. Is this a realistic number of 
variables to be analysed within the limitation of 
sample number, etc. of this paper? 
Authors: Theno and Schmidt (1978) and Cassens 
and Schmidt {1979) showed that theories relating 
~Jiener microstructure to performance character-
istics must encompass the variation that exists 
among corrmercial brands, and Comer (1979) showed 
that the model developed by Hansen (1960) did not 
explain the performance of wieners containing 
nonmeat protein. Our introductory survey was 
intended to introduce image analysis to the study 
of food microstructure, and it was purposely 
designed to include as many variables as are 
1 ikely to be encountered in further studies. 
There are probably some other variables in 
commercial wieners which are proprietary, such as 
variation in least-cost formulations. When all 
the principal variables have been identified, it 
may become possible to use multiple regression to 
develop a predictive mathematical model that will 
relate wiener microstructure to texture, and 
image analysis {or preferably image processing) 
is a method of obtaining the numerical values 
necessary to construct such a model. The primary 
purpose of this paper was to demonstrate the type 
of information that can be obtained from image 
analysis, and the text has been amended to 
explain ~1hy freezing samples in liquid nitrogen 
was not possible. An exaonple of the distortion 
caused by freezing to - 18 C was that the protein 
matrix surrounding some fat globules was some-
times cra cked and occasionally discontinuous. 
However, the key parameters of total area and 
total perimeter of the fat and protein features 
~>Jere not seriously affected. Cracks in the 
prate n matrix might have been serious if the 
emuls on theory had been the target of this 
study but Borchert et al. (1967) had already 
41 
shown that such cracks in the protein "membrane" 
occurred during cooking without causing fat loss. 
E.W. Ross: Occasionally, bimodal histograms are 
seen:a.s-in the cooked, all meat sample in Fig.8. 
Can a visual interpretation be given for such 
cases? 
Authors: The direct answer to your question is, 
llOlTCannot. By the time we had progressed to 
the study of products containing some vegetable 
proteins, the number of photographs subjected to 
image analysis had been reduced to 24 because of 
the relative homogeneity of the samples . 
Additional photographs may have re-established a 
more normal distribution about the mean values, 
but the practical difference in all meat samples 
in Fig . 8 is the ~ecrease in the meat protein 
ar2a, from 3300 mm in the raw product to 2000 
rnm in the cooked product. The significant 
difference between mea ns seemed more important 
than distribution about mean values. Fig. 9 also 
contains bimodal and skewed histograms but the 
mean values (denoted by M) were identical within 
treatments . We would have been very concerned if 
the difference between medium and fine chopping 
in Fig. 9 had been obscured by variation in the 
shape of the histogram; but once again the 
consistency of mean values within a set seemed to 
be more important than the distribution of values 
about the means. 
E.~J. Ross: Since areas and perimeters were 
obtained for each feature in each drawing, it 
might have been possible to calculate for each 
feature t~e quantity: [ " 1- 4n • (area)/ 
{perimeter) which is a measure of the "out of 
roundness" of the feature. 
Authors: We are aware of the potential for shape 
measure111ents such as rectangularity, circularity 
and invariant moments, but not of the 
comparatively simple equation you have given us. 
We did not measure shape because we feared that 
this was a parameter that was affected by the 
~~n=i~~t(~h;~~t d\~t nu:t t~f7;~~i~~z~a~~~~~r:~~~~~ 
by area and perimeter) instead of using samples 
frozen in liquid nitrogen. 
E.W. Ross: In Table 2, the HSD is given for 
texture, but not in Table 1. Why? 
Authors: The data in the Tables were supplied by 
our industrial and governmental colleagues . The 
methods for determining texture and the methods 
used to express statistical differences are not 
standard across the meat industry. 
R. J. Carroll: You may wish to explain the 
difference between image analysis and pattern 
analysis for readers not knowledgeable in this 
area. 
Authors: This is a difficult question to answer 
briefly. ~Je recommend that those not familiar 
with these terms read Castleman KR (1979) Digital 
Image Processing , Prentice - Hall Inc., Englewood 
Cliffs, N. J. The term "image analysis " was used 
in the title of this paper to imply the use of a 
high - quality image digitizer as distinguished 
from image processing which requires a high -
A.G. Kempton and S. Trupp 
quality image display device as well (Castleman, 
1979, page 13). Pattern ana lysis, used in the 
text of this paper, usually refers to a specific 
statistical test such as the two-within - four 
randomization test used by Kempton et al. (1982) 
to analyze spat ial patterns in wiener batters. 
"Pattern recognition" is the accepted term for 
both aspects of this field of study. Cassens et 
al. ( 1975) recognized that the ingredients of 
wi eners containing soy flour had a different 
distribution pattern than wieners containing only 
meat proteins, when viewed under a light 
microscope . Essentially, Kempton et al. (1982) 
digitized these patterns, meaning that the 
difference in patterns observed through the 
42 
microscope could be expressed numerically. 
Cast leman ( 1979) devoted two chapte rs (pages 
299-346) to "statistical pattern recognition as 
applied to digital images," which he considered 
as little more than an introduction to the 
subject. Directions are given on how to select 
the "features" (fat and protein in our system) and 
how to measure size (from which we selected area 
and perimeter). To answer the question as 
briefly as possible, "pattern analysis" involves 
comparisons among photographs and "image 
analysis" determines what is in the pictures. 
Both procedures express microscopic observations 
in numeri ca 1 terms. 
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Abstract 
Comparat i ve stud i es were made on the composi-
tion, microstructure and organolepti c quali t y of 
soft brine cheese made f rom instant whole mi I k 
powder and from raw mi I k. The chemi ca I analysis of 
young and ripened (one and two month) cheese re -
vealed similarity except fo r a higher salt content 
in the cheese made from reconstituted milk at the 
end of ripening . Electron microscopic studies 
showed dist in ct differences in the st ructure of 
the protein matrices in the ripened cheese 
samp les , i .e . a very homogeneous structure in the 
cheese made from raw milk compared with a 
slightly aggregated state of the protein in the 
cheese made from reconstituted milk. The organo-
leptic exami nations resulted in an overall accept-
able quality of the cheese made from reconsti-
tuted mi 1 k except for a higher sa 1 t i ness. 
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Introduct ion 
The use of non-fa t dr ied milk for cheese 
manufacture requires adequate reconstituti on and 
recomb ina tion techniques. and is now common in a 
few developed countries . 
In ma ny developing countries, e .g . Egypt, 
the shortage in t he milk supp ly requires increas-
ing use of milk powder for dairy products. Be-
cause modern equipment and processing faci I ities 
for the reconstitut ion and recombination are 
often not available in private sma l l dairy plants, 
the use of whole mi Ik powders could be advanta-
geo us. 
Reconst ituted whole dried milk, howeve r. 
t end s to exh iblt limited so lubility whi ch may 
resu lt in fat destabili zat ion and al so sediment 
formation (14). In order to circumvent these 
prob lems, the use of instant whole mi lk powders 
cou ld represent an alternative (22, 26) . 
The use of mi I k powder for t he ma nufacture 
of Camembert cheese and t he resu l ti ng changes in 
the microstructure duri ng ripening have been de -
scr ibed by Peters and Knoop (17, 18) . 
We now report results on the compos iti on and 
structure of soft brine cheese made from instant 
who! e mi I k powders . 
Materia Is and Method s 
Five imported in stant whole milk powders 
of different or igin were purchased from the lo-
ca 1 rna rket in Egypt . The average composition of 
these powder samples wa s : 26-28 % butterfat, 
25.5-26 .5% protein, 37-38% l actose, 5 .5-6 .5% 
ash and 2-3 %moisture . Ea~h powder wa s recon -
st i tu t ed to 20 % total so lids in water (30 C) by 
only gentl e mechanical st irring . For contro l , 
fresh cows 1 milk from the University of Zagazig 
Experimental Farm was used . 
Batches of soft brine cheese were made from 
each of the reconst i tuted mi 1 ks and from the 
fresh milk according to a method described ear-
Wl~ j~~- 3~4~;n~~~s~ 1 i~!nw~~~~~ ~~r~~o~~a~~~s~~ 
quently 2 % starter and 0 .04 %ca l c ium chl oride 
were added. The curd wa s cut after 60 minutes 
and filled into wooden moulds, then pressed and 
brine salted ( 16 % sa l t, 24 hours) . The young 
cheeses were packed in tins containing salted 
sweet whey ( 14 % salt) and stored for t wo months 
~LM. Onar and W. Buchhe i m 
at 12- 14°C for ripening. 
Fresh and reconstbtuted milks and their wheys 
were analysed for pH, SH, fat and total nitrogen. 
The fat and protein retention was calculated. 
Young and ripened ( 1 and 2 months) cheese samples 
were examined for pH, buffer capacity, lactose, 
fat, moisture, calcium and phosphorus and salt 
(NaC I I (2, 5, 7) . The protein breakdown of cheese 
was determined as soluble nitrogen (24), non-pro-
tein nttrogen (23 1, peptide nitrogen (61, and 
amino acid nitrogen (23). Cheese scoring was 
carried out after two months of ripening (3). 
Three replicate analyses of the samples by each 
the analytical techniques were carried out. Mean 
value X and standard deviation u were calculated 
( 25 I. X 
The young and ripened cheese samples were 
prepared for e l ectron microscopy by application 
of the freeze-fractunng technique (4, 201. Small 
pieces (1-2 mm3) of cheese were mounted on spe-
cimen holders, using glycerol as an intermediate 
layer for increasing mechanical stability. The 
~~~~ !~~n~r:~~e 2~u( ~k ;tob~)z:~d b~t~~:~r~~~~r i ~~~ 
quid nitrogen . Freeze-fracturing was carried out 
in a BALZERS BA 360 M unit at an object tempera-
ture of - 120°C. For replication the freshly 
freeze-cleaved surfacewas immediately shadowed 
with 2 nm platinum/carbon under an angle of 45° 
and further stabi I i zed by 20 nm of pure carbon. 
The replicas were floated onto distilled water 
and then transferred to 5 %sodium hypochlorite 
(undiluted bleach) for approximately 2 hours and 
passed again to disti lied water. Fat was removed 
by a short treatment in pure acetone. Electron 
microscopy was carried out with a Siemens 
ELMISKOP I at 80 kV . 
Results and Discussion 
Milk reconstitution 
When tnstant whole milk powder wa s added to 
the water and mildly agita t ed, it formed a homo-
geneous reconstituted milk, showing no clumps or 
butteroil lenses on the surface . Analyses of fresh 
milks and the corresponding wheys are shown In 
Table 1 . The va l ues for fresh mi l k may somewhat 
differ from milks produced in countries with a 
moderate c I imate but are not abnormal for con-
ditions in Egypt . The h i gher content of fat and 
protein of reconstituted milks as compared with 
fresh milk resulted from using 20 % total solids 
which was necessary in order to obtain a satis-
factory curd firmness. Fat and protein retention 
in cheese made from fresh milk was higher than 
in those made from reconstituted milks, although 
~~~ ~!i~:r o~a~h~0 r!c~~;~[ t~~~~d~; I ~~e 1 ~v:~~~~t 
double that of fresh milk which has to be ascribed 
to the higheb protein content. The comparably 
high oxfor SHin reconstituted milk results 
from differences between the five mi I k powders 
used . 
A precipitate was observed in the whey of 
cheeses made from reconstituted milks. This could 
be due to the protein denaturation during the 
drying process, resulting in insoluble whey pro-
tein aggregates . The amount of insoluble whey is 
dependent upon the preheating conditions of the 
mi I k and mi I k concentrate ( 13 I. On the other hand, 
a slight increase in insoluble protein can occur 
as a result of the drying process in all milk 
powders ( 15 I. 
The curds from the reconstituted milks were 
still softer than the curd from the fresh milk 
despite the 20 % total solids chosen. In this re-
spect, instant dried milk and ordinary dried milk 
are similar in curd formation and insoluble whey 
contents . This phenomenon has been repeatedly 
de scribed (12, 161 . 
Chemical composition of cheese 
The average values of pH, buffer capacity, 
lactose, fat, protein, moisture, calcium, phos-
phorus and salt (NaCl) content of cheese made from 
fresh milk (variant l) and cheeses made from the 
five reconstituted milks (vanant l l J are shown in 
Table 2. Young cheese II has a buffer capacityand 
a lactose content higher than that of cheese I, 
due to the use of 20 % total sol ids. After one 
month of ripening lactose vanishes in both types 
of cheese and, at the same time, the buffering 
capacity of the cheese s and the pH values increase . 
After two months, cheese I showed a higher 
pH value and a lower buffer capacity than cheese 
II. Changes in lactose, pH and buffer capacity 
are in accordance with those given by Czulak et 
a l. (5). Fat, protein and mo 1sture contents of 
cheese I I were less than those of cheese I. 
The average value of calcium and phosphorus 
of all cheeses was nearly the same and was 
~Ma\ystsofmilksand~<~heys(Averageofthreerepltcates) 
M i Jk Whey 
Fet Protein Fat Protetn Protein Fat 
Samples Index pH 'sH 
' 
Nx6 .38 pH 0sH 
' 
retent ion l retention % 
6 . 43 7.80 1.10 3.38 5.80 5.30 0.30 0 . 42 87. 10 90 .01 
Fresh milk 
u, 0.09 0.40 0 . 41 0.32 0.13 0 .30 0.04 0.06 0.88 0.50 
Reconstituted 6 .38 14.85 5 . 31 5.74 5.52 4.81 0.69 1.53 81.61 87.02 
milks 
(5batches) u, 0 .11 2.61 0 . 65 0.11 0.42 0.20 0 .1 0 0 .03 2.1 1 3.04 
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Tabl e 2. Chemi ca l compos ition of cheese. (Average of three replicate analyses) 
Age of 
cheese 
Young 
Treat-
ment 
II 
Index pH 
5.1 7 
ax 0 . 11 
5.11 
ax 0.14 
Buffer 
capacity Lactose 
in 0. 5nNaOH % 
2. 71 
0 .84 
3.19 
0 . 92 
0.82 
0 .04 
I. 36 
0.03 
Fat in Protein t1ois-
O.M. (Nx6.38) ture 
Cal-
cium 
% % % 
45 . 79 21.82 
0 . 24 0. 16 
41. 32 20 .79 
0.65 0.13 
58.20 0 . 96 
1. 22 0.11 
53.19 0 .89 
2.26 0.13 
Phos-
phorus 
% 
0.68 
0 .06 
0.69 
0 . 05 
Sa lt 
(NaCl) 
% 
2. 93 
0 . 20 
3.86 
0 . 67 
5.46 3.82 42.83 21.94 55 . 40 0. 93 0 .70 4.16 
One Month r--------a~x ___ o_.I_o ______ I_.o_r ______________ o_._6_I ____ o_.l_6 _____ 2_.4_I ___ o_. o_7 ____ o_._o2 ____ o_._3_o __ __ 
II 5. 40 
ax 0.14 
4 .11 
0 . 58 
39.48 20.93 
0 . 56 0 . 11 
51.12 0 . 87 
2.20 0.04 
0. 69 
0 .11 
4. 51 
0. 21 
5. 61 2 . 99 40 . 06 21. 76 52 . 30 0 . 98 0 . 71 4. 96 
Two mo nth}-_______ a_x ___ o_._o_7 _____ l_._o_7 ______________ o_. 3_5 ____ o_._l2 _____ 1_._5_8 __ 0_._o9 ____ o __ .o_3 ____ o_. _l6 __ ___ 
II 5 . 50 
ax 0 09 
- Fresh mi 1 k cheese 
3. 78 
0. 93 
38 . 58 20 .86 
0 . 57 0.1 4 
50. 16 0 .96 
1.25 0 . 08 
0 .69 
0. 12 
II - Reconstituted milk cheeses (5 batches} 
6.01 
0.22 
Table 3 . Protein degradation of cheese (Average of t hree replicate analy ses) 
Age of 
cheese 
Young 
One 
mon th 
Two 
month s 
II 
11 
II 
"x 
"x 
"x 
"x 
"x 
"x 
Total 
nitrogen 
(T · N) 
% 
3.42 
0 . 16 
3 . 26 
0 . 13 
3 . 44 
0. 16 
3.28 
0.11 
3 . 41 
0.12 
3.27 
0. 14 
Soluble 
nitrogen 
(S· N) 
% of T 
10.15 
1.80 
12 .89 
1. 02 
18.96 
2 .45 
16.43 
1 .66 
24.69 
1.89 
19 . 48 
1.12 
- Fresh milk cheese 
Non-prate in N 
% of 
T ·N S· N 
6.02 
0 .91 
5 .95 
0.38 
10 . 12 
1.07 
8.67 
1.21 
14.01 
1.09 
12 . 46 
1.27 
44 . 16 
5 .66 
47.07 
4.39 
51 .89 
4.47 
53 .24 
6.32 
57 .25 
4 .24 
63.90 
5.60 
Peptide N 
% of 
T ·N S·N 
0 .95 8 . 12 
0 .24 2 . 25 
0 .61 4 .40 
0 . 14 1 .00 
1.56 9.11 
0 .91 0.03 
1 .22 7.01 
0 .36 2 .26 
3.11 12.43 
0.48 3.72 
2 .50 11.28 
0 .49 2.65 
Mlino acid 
% of 
l ·N 
0 .88 
0 .1 4 
0 .45 
0 . 11 
2 .98 
0 .58 
2. 75 
0 .2 7 
4.01 
1.45 
3.73 
0 .75 
8 . 51 
0.76 
3 . 47 
0 .81 
15.80 
2 .16 
15 .33 
1 .26 
16.04 
3 .53 
19 .52 
4.24 
II -Reconstituted milk cheeses (5 batches) 
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Fig . 1. Ripening indices of cheese made from fresh (a ) and from reconstituted (Ill) milk. 1: young 
cheese ; 2: one month matured cheese; 3: two months matured cheese 
Table 4. Sconng of cheese made from fresh m1lk (I) and reconstituted milks (II) after two months of r1pen1ng 
Finish and Body and texture (30) Flavour (50) 
appearance 
Poles Colour Cons1s- Aroma Treatment No. (20) t ency 
(5) (10) (15) (15) 
10 10 
" 
20 13 
10 10 
" 
10 9.7 13.7 
10 11 
II 10 11 
10 II 
10 8.7 11.7 
constant throughout ripening . This result is in 
agreement with those of Poznanski and Rymaszenski 
(19) and Raadsveld and Klomp (21) . 
Cheese II contained more salt than cheese I, 
due to the quicker penetration of the brine into 
cheese made from dried milks (17, 18). 
Protein degradation of cheese 
The breakdown of protein during cheese ripen-
ing was measured by the ripening indices as i llu-
strated in Table 3 and Fig. 1. 
In young cheese, a slight increase of so l u-
ble nitrogen was found in cheese I I compared with 
cheese I. After one month and roore pronounced at 
the end of two months cheese made from fresh mi I k 
20 
18 
19 
19 
18 
16 
17 
17 
46 
Taste CQII'fTlents Tota l 
(25) (max . 100) 
10 'rlh1te, soft , pure, sligh t salty. 89 
19 Creamy, sl1ght soft, ac1d, salty. 84 
10 White, soft. pure. salty . 88 
19.7 87 
10 Creamy, smooth, s li ght salty. 84 
17 Creamy, porous. bnttle,d1Slinct salty 79 
18 Slight creamy, tough. distinct salty . 79 
18.3 80 . 7 
had more soluble nitrogen than that made from 
reconstitu t ed mi l k, i.e . 24.69% v. 19.48 %. 
The non-protein nitrogen values were the 
same in both cheeses at the beginning of ripening 
and increased during the ripening to be higher in 
cheese I than in cheese II, i.e . 14.01 '% and 
12.46 %, respectively. 
Peptide nitrogen and amino acid nitrogen 
values were higher in cheese I than cheese I I 
throughout the ripening period and affected the 
cheese flavour . The relative content of pept ide 
nitrogen related to total nitrogen was 3.11 t, 
in cheese I and 2.50 t. in cheese II, while ami no 
acid nitrogen relative to total nitrogen was 
SOFT BRINE CHEESE 
Fig. 2 . Young cheese made from fresh milk. The case in micelles (C) are coagulated and form an open 
network. In the wh ey phase (W) only rarely can si ng le protein particles be seen . Generally, no 
adsorption of casein at the surface of fat globules (F) occurs . Bar, 0 . 5~m. 
Fig. 3. Young cheese made from reconstituted mi lk. In contrast to young cheese made from fresh milk 
{Fig. 2), the fat gl obules (F) are distinctly smaller and show a strong association with the 
casein (C). W: whey phase. Bar, O . S~m . 
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Fig. 4 . Two months matured cheese made from fresh 
mi I k . The casein forms a nearly continuous mass of 
finely dispersed single protein particles . 
Occasionally small, particle- free areas of whey 
(W) occur. Bar, 0 .5 ~m. 
4.01 % in cheese I and 3.73 % in cheese II after 
two months of ripening. 
These analytical results show that the 
changes of protein degradation were more pronoun-
ced in cheese made from fresh milk . 
Cheese scaring 
1 wo months matured cheeses were scored for 
organoleptic properties . 20 points were given for 
finish and appearance, 30 points for body and 
texture {including holes, co l our and consistency) 
and 50 points for flavour {aroma and taste) as 
shown in Table 4 . {The point numbers are the maxi-
mum score s for the best cheese) . The external 
f ini sh and appearance were similar in both 
treatments and no holes were observed. Colour of 
c heese I was white while that of cheese I I was 
I ight c reamy to creamy . The consistency of cheese 
I wa s soft and typical, while cheese II showed a 
tendency to be tough and brittle and sometimes 
had a porous texture . Control cheese I had a bet-
ter flavour than cheese l I. 
The organoleptic properties of all cheeses 
were s i milar except for the porous structure and 
slightly higher saltiness of cheese I I compared 
with cheese I . 
Electron microscopy 
Representative micrographs of the young 
cheese samples are shown in Figs. 2 and 3 . The 
cheese made from raw milk (Fig . 2) is character -
ized by a loose network of partly coalesced casein 
micelles with whey forming a continuous phase . 
Because the raw mi I k wa s not homogenized and 
therefore the fat globules largely retained the 
original fat g lobule membrane casein i s normally 
not associated with fat globules. The youngcheese 
made from r econst ituted milk (Fig . 3) shows a 
casein distribution which is roughly similar to 
that of young cheese made from raw mi lk. The main 
structural difference is the strong interaction 
between casein and fat globules which is a result 
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Fig. 5. Two months matured cheese made from r econ -
stituted milk. The casein matrix is distinctly 
less homogeneous than in the cheese made from 
fresh milk (see Fig . 4) and shows a fine network -
like structure with the whey phase (W) still 
clearly detectable. Bar, 0 .5 ~m. 
of the homogenization applied during processing 
of the mi I k powders . As a result the sma II fat 
globules are largely embedded in the casein 
aggregates. 
It is known that the deve lopment of the mi -
crostructure of various types of cheese during 
ripening is characterized by a varying degree of 
disintegration of casein micelles resulting in a 
penetration of whey into the disi ntegrated ca-
sei n mass ( 11). 
The microstructure of the cheeses after two 
months of ripening is shown in Fig. 4 (cheese 
made from raw milk) and Fig. 5 (cheese made from 
reconstituted milk). The main characteristic for 
both cheeses is the degradation of the casein wto 
a more or less un i fo rm matrix which is typical 
also for other cheese varieties (1, 8-10, 20) . 
The protein matrix of the cheese made from raw 
milk {Fig . 4) is characterized by a very uniform 
distribution of small protein particles and by a 
rare occu rrence of sma II areas (0 .1-0 . 2 J,.Jm in 
diameter) of whey where protein particles are not 
detectable . 
In contrast to this type of protein matrix 
structure , the cheese made from reconstituted 
milk (Fig . 5) shows a markedly l ess homogeneous 
distribution of protein particles. They appear 
to be still slightly aggregated thus making the 
whey phase clearly visible. 
The relatively loose and porous structure of 
the protein matrix of the cheese made from recon -
stituted milk must be ascribed to structural 
changes of the protein during the drying process 
of the mi l k (17, 18) . 
As a consequence of this loose structure the 
penetration of sa l t into the cheese made from 
reconstituted mi 1 k is more intensive than into 
the control cheese (see Tables 2and 4) . This has 
already been described for Camembe r t cheese (17, 
18) . 
SOFT BRINE CHEESE 
The structural differences of the protein 
matrices in ripened cheeses also may be related 
to the different consistencies (Table 4), espe-
cially toughness and brittleness and also the 
porous texture of the cheese made from recon-
stituted milk. 
Conclusion 
These studies have demonstrated that it is possi-
ble to produce a soft brine cheese of acceptable 
quality by use of instant whole milk powder. Ail 
increased saltiness may occur in comparison wi th 
cheese made from fresh milk due to a loo ser 
structure of the protein matrix . 
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Discussion with Reviewers 
D. N. Holcomb: The 0 SH of the reconstituted milk is 
almost double that of fresh milk . Is this 
difference solely due to the higher protein 
content of the r0constituted milk? Also, why is a so high for SHIn reconstituted milk? Is 
thh0 any relationship between cheese properties and SH? 
Authors: 6he difference between °SH of fresh mi 1 k 
and mean SH of the five batclles of reconstituted 
~~: ~ ~~~~e~~/r~~:r~:~h du~ t~0;h05~i ;~e~:~~n~~~tu-
ted milk reflects d!ffere~ces between the five 
~~ r~~r~~iw~~~ k c~~:~:r~r~~:~t i :~o~~~no~~ ::~:t~~~-
obvious . 
M. Kalab: Is it safe to assume that a close 
assoctatton between fat globules and casein in a 
soft brine cheese indicates that reconstituted 
nonfat dry mi I k had been used to make such a 
cheese? When you mention "representative" micro -
graphs, do you mean that casein was attached to 
all fat globules, to most fat globules, or to 
some fat globules? 
Authors: in the present study we used instant 
Wl16Te'liiTik powder in which the fat phase had been 
homogenized. Since casein becomes closely 
associated with fat globules duringhomogenization 
of milk, such fat globules also subsequently 
become an integral part of the casein network 
during c lotting processes. Original, unhomogenized 
fat globules do not show such an association with 
the case in network because the native fat globule 
membrane i s a phospho! ipid - containing biomem-
brane- like interfacial layer with quite 
different properties. Of course, this or iginal 
milk fat globu le membrane may be pa rtly destroyed 
during mechanical and thermal processing of the 
raw milk or during the cheese manufacture and 
wi II then allow casein to become adsorbed to the 
fat phase to a very limited extent. This explains 
why in the cheese made from reconst; tuted mi I k 
nearly all fat globules were closely associated 
with the casein whereas in the cheese made from 
fresh milk most fat globules were not. 
M. Kalab: Have you found that freeze -fracturing 
~eliable than embedding in a resin, 
sectioning, and staini ng to explain the micro-
structure of cheese? 
Authors: According to our experience freeze -
fracturing i s a very reliable technique for 
studying the microstructure of cheese, either in 
a young or a ripened state. In the plane of 
fracturing which i s preserved by the platinum/ 
carbon - rep! ication not only size, shape and 
substructure of the casein aggregates, but also 
free protein partic les of molecular dimensions 
and also the fat phase can be inspected in detail. 
Thin - sectioning techniques appear especia l ly 
suitable e .g. for three dimensional structure 
analysis (stereo micrographs, serial sections), 
for additional light microscopy (phase contrast) 
50 
or for Ioca I iz ing certain constituents by spec i fie 
staining or labelling techntQues. 
M. Kalab: Replicas initially floating on water 
are known to sink into acetone, warp, and roll. 
Which technique do you use and would you 
recommend to retrieve the cleaned rep! icas? 
Authors: We normally transfer replicas from pure 
acetone to a 1:1 mixture of acetone and water and 
then to pure water . Often a direct transfer from 
acetone to water is successful but the rep! ica 
may disintegrate into smaller pieces . If replicas 
do not completely unfurl on the water surface we 
put them back into acetone and repeat this 
procedure. 
N.F. Olson: Other researchers (Green eta!., J. 
Datry Res. 48, 343) have observed increased 
coarseness Of curd as the concentration of cheese 
milk was increased . Could the high concentration 
of dry milk used in treatment I I have caused some 
or all of the coarse structure in this cheese? 
Authors: It cannot be excluded that the higher 
concentration of dry mi IK used in these studies 
has partly contributed to the coarser structure . 
But according to other studies (ref . 17 and 18) 
this coarseness has to be mainly ascribed to 
effects resulting from the heating conditions 
during drying of milk . 
Additi ana 1 Reference 
27. Green ML, Turvey A, Hobbs DG. (1981). 
Development of Structure and Texture in 
Cheddar Cheese. J. Dairy Research 48. 
343-355. -
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DEVELOPMENT OF MICROSTRUCTURE IN SET-STYLE NONFAT YOGHURT - A REVIEW 
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The develo~ent of microstructure in natural 
set-style nonfat yoghurt was stud i ed by scanning 
electron microscopy (SEM) and transmission elec-
tron microscopy (TEM). In addition to thin-section-
ing and conventional SEM described in the litera-
ture, this review illustrates gelation of milk 
with micrographs obtai ned by rotary shadowing of 
casein micelles and their clusters. The existence 
of void spaces occupied by lactic acid bacteria in 
yoghurt was con finned by cold-stage SEM of uncoa t-
ed specimens. The microstructure of yoghurt is 
affected by the preheat treatment of milk, bacte-
rial starter cultures, total solids content , and 
the presence of thickening agents. The microstruc-
ture was found to be related to fi rnmess and sus-
ceptibility to syneresis . Suggestions on the pre-
paration of yoghurt samples for electron microsco-
PY have been included in this review. 
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Direct inquiries to ~1. Kal.ib. 
Telephone number: 613- 995-3700. 
KEY WORDS: Casein micelles; Gelation of milk; 
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Introduction 
Traditionally, yoghurt is a cultured (fennent-
ed) milk product made by incubating milk with 
Lac..tobaci.liM butgaJt.i.c.M and S.tte.p.toc.oc.CLW .thvuno-
plt.i.i.M cultures . Yoghurt (yogurt) is made with 
bacteria, except in Turkey, where the product is 
called yahourt or yaourF , jugurt or eyran~~, in 
which "a lactose fennentation yeast culture is 
also included with the lactic-acid organisms" 7 • 
Initially, yoghu rt was made from milk con-
centrated by boiling but today it is made from 
homogenized whole milk, partially skimmed milk, or 
from skim milk with or without added nonfat dry 
milk (NOM) solids. Technology, biochemistry, and 
quality appraisal of yoghurt have been reviewed 
in great detail 33 ' 35 ' 36 ' ~~. 
In North Arneri ca, yoghurt has become i ncreas-
ingly popular in the last 20 years and in Canada 
alone the production of yoghurt between 1977 and 
198 1 was increased by 56% (from 27.504 x 1 ()6 to 
42.972 x 106 litres) ~ . Although initiall y yoghurt 
had a characteristic custard-like body and texture, 
recent develorxnent of the product has proceeded in 
various directions and yoghurt texture may vary 
today from a semifluid stirred yoghurt to a set-
style yoghurt in which added gelatin may lead to 
a rigid, brittle gel. The introduction of flavoured 
yoghurt and yoghu rt with fruits or jams ha s been an 
important factor leading to the increase in the 
popularity of yoghurt in North trneri ca. 
The development of microstructure in yoghurt 
has been studied only to a limited extent s , 22 , 23 , 2B 
in spite of the number of yoghurt varieties with 
different characteristics {stirred, set-style, 
plain, flavoured, "low-calorie" , dried, frozen 
yoghurt, baby yoghurt etc.) on the market and in 
spite of the fact that some physical properties 
such as finnness, smoothness, ropiness, and sus -
ceptibility to syneresis are reflected by the 
m i eros tructu re. 
The objectives of this review are to suiTillarize 
recent results of microscopical studies of yoghurt 
and to stimulate the interest of microscopists in 
this milk product which is an excellent milk gel 
model. 
M. KIILA.B , P . ALLAN-WOJTAS, and B . E: . PJIIPPS-TODD 
Principles of yoghurt manufacture 
In fluid milk , casein micelles exi st as indi-
vidual entities. Lactic acid produced by lactic 
acid bacteria (cocci and bacilli) lowers pH of the 
milk and destabi lizes the casein micelle s which 
become subsequently linked to each other in the 
fonn of clusters and chains. The clu s ters and 
chains are part of a protein network {matrix) in 
which the liquid phase of milk is immobilized and 
a gel is formed. The way in which casein micelles 
may interact depends on many variables such as the 
heat treatment of the milk destined for gelation, 
bacterial strains and the ratio of cocci to bacil-
li, rate of acid development and amount of lactic 
acid developed, temperatu re of incubation , total 
solids, presence of additives (thickening agents) 
etc. 
Heating of milk destined for the production 
of yoghurt prior to the inoculation with lactic 
acid bacteria plays an important role in the deve-
lopment of the yoghurt. Grigorov 11 demonstrated 
that heating of milk to 85° C for 30 min led to 
minimum syneresis in yoghurt when compared to heat-
ing at lower or higher temperatures. Preheating 
the milk to higher temperatures ( 90° to 95°C) , how-
ever . led to a decrease in the consistency of the 
yoghurt 30 ,"~ Galesloot and Hassing 9 suggested that 
milk should be heated to 90° C in a continuous-flow 
heater or to 85°C when heating is carried out in 
tanks. Thus, in general practice, milk destined 
for the manufacture of yoghurt is preheated to 90° 
to 95 ° C for 15-30 min 5 
Heating of milk 
In a study on the effect of heating of milk 
upon yoghurt microstructure, Kalab et al ~ 3 preheat-
ed freshly skimmed milk or reconstituted low-heat 
NOM of an undisclosed fat content to 44, 55, 65, 
75, 85, and 90° C. Immediately after the desired 
temperature was reached, the mi 1 k was coo 1 ed to 
44 °( , inoculated with L. buigll.IU.c.M and S . .thVtmo-
phA..iM cultures , and incubated at 44°C until it 
was gelled and a pH value of 4. 3 in the yoghu rt 
was reached. The yoghu rt was then cooled to 6°C. 
No differences in the appearance of the casei n 
micelles between unheated milk {i.e. milk preheated 
to 44 °C) and milk heated to 90°C were found by the 
authors 30 min before gelation 23 . At approximately 
16 min before gelation , casein particles in un -
heated milk developed short projections (append-
ages)( Fig. l) and within 3 min groups containing 
two or three particles had joined together and 
these groups combined into larger clusters which 
started to fonn a three-dimen sional network 
(Fig. 2). The appendages had vanished at that 
stage. Casein micelle chai ns were robust but 
"seams" between the fused casein particles were 
clearly visible (Fig . 3a) . Finer chains were formed 
in yoghurt made from heated milk (Fig. 3b) . 
Holding milk at a high temperature was report-
ed5 to have an effect on the casein micelles: in 
raw or in high-tanperature short-time pasteurized 
mi l k the micelles had relativel y smooth, uninter-
rupted contou rs compared to micelles from milk 
which had been heated to 90 °C for 10 min or was 
autoclaved at 121.7 ° C for 15 min. In these latter 
milk samples, filame ntous appendages bridged ad-
jacent mice ll es and small amounts of the filamen-
tous material were found free in the heated milk 
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samples (Fig. 4). The appendages were retaintd 
until the late stages of culturing tat least 
3.5 h). Although they became gradually more H ffuse , 
their presence appeared to be sufficient to nhibit 
micellar contact and fusion (Fig. 5) 5 • In their 
search for the origin of the appendages, Daves et 
al. 5 found that casein micelles heated in a Jrotein-
free milk dialyzate were free of such append 1ges 
whereas the appendages developed on casein m celles 
heated in the presence of whey proteins. It was 
established that the presence of B-lactoglobJlin 
was the prerequisite for the development of t he 
appendages. 
These appendages cou ld have been formed either 
by heat-denatured B-lactoglobulin alone or bt a 
complex consisting of B-lactoglobulin and K-:asein; 
such a complex develops in heated milkli7. Th~ 
addition of N-ethylmaleimide (a thiol-blocki1g 
agent) to milk appreciably reduced the deveb~ent 
of appendages when the milk was heated 5 • Ho~>ever, 
because both the heat denatur ation and preciPita-
tion of B- lactoglobulin and the fonnation of the 
S-lactoglobulin- K-casein complex most probab iy 
involve disulfide bonding 38 , the only concl u; ion 
made by Davies et al. 5 was that a -lactoglobulin 
participated in the fonn a tion of the appendages. 
The hypothesis that denatured B-lactog lo bulin 
is bound to casein micelles in milk heated to 90°C 
is supported by ge 1 e 1 ec trophores is of whey se pa -
rated by centrifugation from yoghurt made ir om 
heated milk. B-Lactoglobulin wa s present in whey 
separated from yoghurt made from unheated milk but 
was absent in whey separated from yoghurt mtde 
from heated mi 1 k 2 3 . 
More recently, Kalab et al~ .. examined casein 
micelles in unheated and heated milk using rotary 
shadowing with pl atinum and carbon. In milk heated 
to 90°C for 10 min the casein micelles had 'ragged" 
surfaces, whereas micelles in unheated milk had 
smooth surfaces (Fig. 6). The same techniqut was 
used to examine changes in casein micelles {evelop-
ing during the gelation of milk by yoghurt ~ tarter 
cu ltures and the formation of casein micellt 
chains was also demonstra ted (Fig. 7 and 8 ) 
Thus, H may be cone 1 uded that casein nice 11 es 
in heated mi lk acquire a "ragged" appearanct as the 
result of the attactment of denatured B- laco-
globulin or a heat-induced B-lactoglobulin- K-casein 
ccmplex to their surfaces. The temporary ap ~ endages 
observed by Kalab et al ~ 3 in unheated milk ~ hartly 
before gelation are difficult to explain un ess an 
assump tion is made that they ar~ different :rom 
the appendages obse rv ed on casein micelles n heated 
milk; in their work, Kalab et al~ 3 mixed th~ milk 
with a warm agar sol and the casein micelle; were 
f ixed in a glutaraldehyde solution only aft~r the 
mix had solidified. In contrast, Davies et 1l . 5 
first fixed the micelles and subsequently inmobi-
lized them in agar gel. When unfixed milk i; mixed 
with warm agar, an interaction between case n mi-
celles "ready to gel" and the agar cannot l€ ex-
clu ded as the cause of the temporary append1ges. 
As the pH of the milk gradually declln~d 
below 4. 3 because of the production of lactic acid 
by the bacterial culture, the gelation of t1e milk 
was completed and yoghurt was fanned. It ha; already 
been mentioned earlier that yoghurt made fnm un-
heated milk consisted of a network considenbly 
more robust (Fig. 3a) than yoghurt made fran heated 
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Fig . 1 . A detail of casein micelle aggregation in 
unheated skim milk 16 min before gelation. 
Appendages on casein micelles (arrows) are clearly 
visible and are different from agar fibres (A) . 
Reproduced by permission from Milchwissenschaft 23. 
Fig . 3 . Protein matrix in yoghurt made from unheat-
ed (a) and heated (b) skim milk. In (a) casein mi-
celle clusters are tightly fused and form large 
aggregates, yet " seams" between the particles are 
visible in thin sections (arrows) . 
4 a 4b 
Fig. 2 . Onset of casein micelle aggregation and 
formation of clusters (large structures in the 
left half of the micrograph) in unheated skim milk. 
Arrows point to small fat globules present in 
very small quanti ties in that skim milk . 
In (b) the casein micelles are linked in finer 
chains ; appendages on the casein micelle surfaces 
are still present at the early stages of gelation 
(arrows) . Micrograph (a} reproduced by permission 
from Milchwissenschaft 23 • 
-- • 4c 
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Fig . 4. Casein micelles in raw milk (a) , in milk 
heated to 95°C for 10 min (b), and in milk auto-
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claved at 121 . 7"C for 15 min (c). Reproduced by 
permission from the Journal of Dairy Research 5. 
-
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micelle surfaces 
by rotary shad-
owing with 
platinum and 
carbon . 
a : Casein micelle 
in heated skim 
milk; halo a round 
the appendages 
(arrows) is caus-
ed by carbon 
reinforcement of 
the platinum 
replica ; 
b : casein micelle 
i n un heated skim 
milk has a smooth 
s urface . 
Fig . 8 (right) . 
Casein micelles 
in heated skim 
milk form chains 
and loops 
(arrows) which 
will develop into 
a three- dimension -
al matrix at later 
stages of gelation . 
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Fig . 5 . Casein micelles 
in raw (a and b) and in 
heated (95°C for 10 -ni n) 
(c and d) skim milk ~t 
various intervals dur-
ing fermentation 1d th 
S . thermophi lus and 
L. lactis to yoghurt . 
Fermentation times : 
a : 4 . 5 h; b : 5 h 
(both samples are 
from raw milk) ; 
c : 3 . 5 h ; d : 3 . 75 h 
(both samples are 
from heated milk) . 
Reproduced by permis-
sion from the Journal 
of Dairy ResCJarch 5 . 
Fig . 7 (below) . Detail 
of casCJin micelle 
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Fig . 9 . SEM of yoghurt made from unheated (a and 
b) and heated skim milk (c and d) . In yoghurt made 
from unheated skim milk the casein micelles are in 
the form of coarse clusters (a) which results in 
large compartments (cells) in the matrix (shown at 
Fig . 10 . A schematic diagram comparing th e micro-
structure of yoghurt made from heated milk (a) 
composed of small compa r tments formed by single 
branched chains of casein micelles and the micro-
s t.ructure of a yoghurt made from unheated milk 
(b) composed of large compartments formed by 
clustered casein micelles . Firmer immobi li za tion 
of the liquid phasD is experienced with (a) than 
with (b) . 
Reproduced by permission h·om the Jou rna 1 of 
Texture Studies 12 . 
a la.ver magnification in b). In yoghurt made from 
heated skim milk the casein micelles are in the 
form of chai ns (c) and this results in smaller 
compartments i."l the matrix (d) . 
milk (Fig. 3b). This wa s also confinned by SEM z3 : 
detail s of casein micelle aggregation are shown in 
Figs. 9a and c and the organization of the matrices 
is presented at a lower magnification in Figs. 9b 
and d. On the basis of sim ilar micrographs a model 
(Fig. 10) of the different matrices had been de-
signed earlier 1 z . In the diagram in Fig . 10 , the 
same number of casein micelles is shown in sections 
of a fine network (a) and a coarse network (b) . The 
liquid phase (whey) wa s immobilized in the fine 
matrix which consi sted of small compartmen ts but 
the whey separated more easily from larger compart-
ments in the coarse matrix . Susceptibility to 
syneresis in both yoghurts was measu r ed by the 
vo 1 ume of whey separa ted from the milk. ge 1 s by 
centrifugat ion at sever al different centri fug al 
forces for 10 min 13 d 4 (Fi~. 11) and by draining 
the yoghurts for up to l h 8 (Fig . 12). It i s 
evident from these me asurements that yoghu rts made 
from unheated milk were considerably more susceptible 
to the sep aration of whey than yoghurts made from 
heated milk . Tarodo de l a Fuente and Alais 45 ex-
pl ained that hea ting increased so lvati on of casein 
micelles and that after heating to go oc for 2 min 
ss 
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Fig . 11 . Separation of whey from yoghurts (10.0 , 
12.5 , and 15 . 0% total solids) at pH 4 . 0 with in -
creasing centrifugal force applied for 10 min . 
Abscissa : Centrifugal force (g) . Ordinate: Vol ume 
V(%) of the whey separa t ed relative to the total 
volume of the yoghurt . Yoghurts made from unheated 
reconstituted nonfat dry milk are shown in solid 
lines (U) and yoghurts made from reconstituted 
nonfat dL·y milk preheated to 90°C for 10 min are 
shown in dashed lines (H) . {From 14 - to be pub).ish-
ed in Mi lchwissenschaft ]. 
there was abou t twice as much non-solvent water in 
the micelles as in the raw milk micel l es. Denatured 
8- l actoglobulln either alone or in the fonn of a 
complex with K- casein in heated milk 5 inhibited 
micelle fusion , which is in ag reement with an 
earlier postulate by Knoop and Peters 26 • The for-
mation of a fine protein network in yoghurt made 
from heated milk. resulted from this i nh ibit i on of 
mice ll e fusion. 
In addition to the pr ecedi ng experiments which 
had been ca rri ed ou t using fresh mi l k or recon-
stituted sp r ay-d ried NCM 5 • 23 , yoghu r ts were also 
made from reconstituted roller-dried and freeze-
dried NOM 23 . Although the mil k in the roller-dried 
N[)>1 had received a severe heat treatment during 
production, yoghurt made from this source was of 
a very poor quality as f ar as flavour, texture , and 
s usceptibility to syne r esis were concerned . Thi s is 
probab l y associated with the formation of fused 
micellar aggrega tes and the inability of the casei n 
micelles in roller-dried NOM to freely disperse in 
water. Additional heating of the reconstituted NOM 
suspensio n had no effect on the dimensions of 
casei n part i cles in that yogh urt. However, in 
yoghurt made from reconstituted freeze - dried NOM 
the differences between casein particle dimensions 
depending on the heati ng of milk were grea tes t of 
a ll t ypes of NOM. 
Total so lids content 
Di mensions of the compartments in the protein 
matrix of yogh urt and, thus, susceptibility to 
syneres i s , are a l so affected by factors other than 
the preheat treatment of milk prior to gelation. 
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Fig . 12 . Separation of whey by draining yoghurts 
(10 . 0 , 12 . 5 , and 15 . 0% total solids) at pH 4 . 0 
for varying periods of time. 
Abscissa : Time (min) . Ordinate : Volume V(%) of 
the whay separated relative to the total volume 
of the yoghurt . Total solids contents and heat 
treatments (U : unheated milk ; If: preheated milk) 
are indicated in the diagram and are the same as 
in Fig . 11 . [From 14 - to be published in Milch -
wissenschaft] . 
One of these factors is the total so l ids content 
in the mi1k . In practice, the total so lids content 
is largely dictated by legal standards of the 
country concerned 4 " . It may vary frcxn 9 to over 
20% , but bacterial activity is retarded at levels 
exceeding 25% total sol ids 31 . The range most ge-
nera ll y recommended lies between 14 and 18% 
accord ing to Robinson and Tamime 35 or between 15 . 5 
and 16.0% according to Kozhev et al. 27 
The increase in the total solids content can 
be ac hi eved in several ways"". By maintaining the 
same casein to non-casein protei n ratio , there is 
a higher number of casein micelles per unit volume 
at a higher total solids content which results in 
smalle r comparbnents occupied by a smal ler vol ume 
o f the liquid phase. This is evident in Fig . 13, 
where the protein matrices are shown in yoghurt 
made from low-h eat spray-dried r econs ti tu ted NOM 
containing 10 to 20% total solids. In ad dit ion to 
small er comparbnents, a highe r number of casein 
micelles and a larger amou nt of whey proteins per 
uni t vo lume bind a l arge r pr opo rt ion of water. 
This was demonstrated by draining the different 
yoghu rts using the procedure described by Modle r 
et al . 29 ( Fig. 12) and by ce ntrifuging the yoghurts 
a t d if ferent centr ifugal forces for 10 min 1 " 
(Fig. 11 ) . Onl y a part of the aqueous phase in the 
yoghu rt may be sepa r ated from t he protein matrix 
by ce ntrifuga t ion because the other pa rt is finnly 
bound by the protein s . As the total sol ids con tent 
in the yoghurt i s increased, the vol ume of the 
aqueous phase which may be separa ted is decreased. 
Matrices of low- so lids yoghu rts are subject to 
noticeable compaction whereas matrices of 
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Fig . 13 . Protein matrices in yoghurts made from 
heated reconstituted nonfat dry milk containing 
10 . 0% (a) , 15 . 0% (b) , and 20 . 0% (c) total solids . 
The dimensions of compart~~Ents (pores) in the 
matrices are decreased as t he total solids con -
t ents are increased . At higher (15 and 20%) total 
solids contents void spaces around lactic acid 
bacteria become more clearly evi dent. 
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Fig . 14 . Comparison of protein matrices in an 
unfor·tified yoghurt (a) and a yoghurt fortified 
with a whey protein concentrate (b) . In unforti-
fied yoghurt (a) the casein micelles form chains 
by contacting each other (arrows) whereas in the 
fortified yoghurt (b) the casein micelles are link -
ed to each other with fine aggregates of whey 
protein (arrows) . Reproduced by permission from the 
Journal of Dairy Science 28 . 
high-solids yoghurts are compacted to a considerably 
lesser extent or are not compacted at all. 
The total solids content in milk may be in-
creased by evaporation, ultrafiltration (which 
selectively increases only the fat and protein 
content), reverse osmosis, or by addition of NOM, 
milk protein concentrate, whey powder etc . Micro-
s tructure of yoghurt made from skim milk (3.5% 
total prote in ) fortified to 5. 0% total protein was 
studied recently 2 8 , 29 • Sodium caseinate , NOM, milk 
protein concentrate , and whey protein concentrates . 
canmercially obtained by electrodialysis , ultra-
filtration, and ion exchange were used as the 
fortification agents. Because of the different 
canposition of the additives, the casein to non-
casein protein ratio was 4.56 1. 00 in yoghurt 
fortified with sodium caseinate, 2. 85 1.00 in 
yoghu rt fo rtified with NOM and milk protein con-
centrate , and 1.08 1.00 in yog hurt fortified 
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with whey protein concentrates . 
Sodium cas ein ate significantly increased the 
dimensions of casein particles in the fortified 
yoghurt and formed a microstructure similar to 
that in yoghurt made from unheated milk. Because 
the addition of sodium caseinate decreased the 
relative non-casein protein content in the milk 
mixture to 18% , it may be hypothesi zed that the 
casein micelles in the milk thus fortified were 
insufficiently coated with denatured 8-lactoglob-
ulin or with the B-lactoglobulin- K-casein complex 
and, thus, were not prevented from excessive 
fusion 26 . However , the true mechanism has yet to 
be studied . Interestingly, susceptibility to syne-
resis was lowest (8%) and gel strength 9 was high-
est (117 . 9 g) in the yoghurt fortified with sodium 
caseinate. NOM and milk protein concentrate reduced 
susceptibility to syneresis and increased gel 
strength as compared to unfortified yoghurt but had 
no significant effect on the microstructure. 
Whey protein concentrates conside rably a ltere d 
the mi eros tructure of the fortified yoghurts as 
compared to unfort1fied yoghu rt (Fig. 14). Instead 
of casein micelles tightly fused into compact 
chains comnon to yoghurt with a natural casein to 
non-casein protein ratio, the casein micelles were 
linked to each other at relatively long distances 
with finely flocculated whey proteins (Fig. 15). 
Ge l strength of the fortified yoghurts was app rox -
imately the same (77-79 g) as that of yoghurt 
fortified with ND'1 when the whey protein concen -
trate used was obtained by ultrafiltration. The 
gel strength was lower (50- 55 g) with whey protein 
concentrates obtained by methods in which electro-
dialysis and ion exchange were part of the process. 
Thickening agents 
It is not always feasib le to increase the 
total solids content of yoghurt in order to im-
prove texture , increase firmness , and reduce sus -
ceptibi l ity to syneresis. There may be various 
reasons against such a step, for example the con-
cern for the joule (calorie) value, the lactose 
content, retardation of the bacterial action and 
hence prolonged coagulation time , titratable acid-
ity etc . 4 ~. There is a wide variety of thickening 
agents available to facilitate the immobi l ization 
of the liquid phase in yoghurt; gelatin, pregel-
atinized starch, cellulose derivatives, alginates, 
and various gums have been used commer cially . 
Effects of a great number of thickening agents on 
the qua lity of yoghurt were studied by Radema and 
Van Dijk 32 • Some thickening agents were found to 
have a tendency to decrease the rate of the lactic 
acid production. Kalab et a1. 22 examined the micro-
structu re of yoghurt as related to the presence of 
gelatin, carrageenan , and pregelatinized starch. 
At a 0.5% concentration, gelatin did not signifi-
cantly affect gel strength 22 but considerably re-
duced syneresis to less than 2.5% 29 • However, 
yoghurts containing this concentration of 225 Bloom 
gelatin were indistinguishable by SEM and TEM from 
yoghurts not containing any additive. No change in 
the microstructure of the protein matrix wa s ob-
served even with the gelatin concentration increas-
ed to 10% when the yoghurt resembled a gelatin gel 
rather than a typical yoghurt. This was probably 
because neither of the electron microscopical tech-
niques used was suitable to detect collagen fibres 
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Fig . 15 . De tai l o f a cas e in micelle chai n in yoghurt 
f ortified with a whey protein concentrate. The links 
b e tween th e c as ei n micelles are provided by fin e 
a ggregates of whey protein . 
Rep roduce d b y permi s sion f rom the J ournal of Dairy 
Sci ence 28 , 
of ge latin in the milk gel. Although the authors 
referred to an ear li er report 2 1 showing a gelatin 
gel composed of thin sheets, such sheets represent-
ed typical artefacts formed by slow freezing of the 
gel whereby large ice crystals developed, and the 
gelatin was compressed into the form of thin sheets 
between the ice crystals. After freeze -drying and 
sublimation of the ice, these sheets were visualiz-
ed by SEM. 
Carrageenan and pregelatinized starch were 
reported 22 to considerably change the microstruc tur e 
of yog hurt. Both additives led to the clustering of 
casein micelles as was demonstrated in thin sections 
of embedded specimens; the density of the casein mi-
celle clusters was higher in the presence of carra-
geenan . Interactions with carr ageenan, which led to 
the aggregation of casein micelles, were studied by 
Snoeren 40 and Hood and Allen 17 • Although short 
fib res with free tenninals and sheets were reported 
by SEM 22 to be present in yoghurt containing pre-
gelatinized starch, it is highly probable that the 
initial microstructure of the specimens had been 
altered duri ng preparatory steps such as freeze -
drying and that the structures found were actually 
artefacts . Several authors 3 , 20 pointed to critical-
point drying as a technique not suitable to dry 
food samples containing pregelatinized starch. The 
only proper electron microscopic technique to visu-
allze gelat1n1zed starch is freeze-fractunng 
followed by repl1cat10n with plat1num and carbon 2 
Hence it fo 11 ows that results obtai ned by examining 
the effects of thickening agents on the microstruc-
ture of yoghurt should be revised. 
Lactic acid bacteria 
In yoghurt, the milk is gelled by a combined 
action of cocci and bacilli which digest lactose 
and convert it into lactic acid, thus lowering pH 
of the mi lk which leads to its gelation. In addition, 
l actic acid bacteria cause a significant degree of 
proteolysis in yoghurt~ 4 , which leads to changes 
in the physical structure of the product 25 , although 
these bacteria are usually considered to be only 
weakly proteolytic 6 • 
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Yo~hurt starter bacteria, L . bulgaricu s and 
s . theroophilus, are thermoduric, homofennentive 
1 acti c ~c i d bacteri a whose characteristics were 
s ummari:ed by Tamime and Deeth 44 • The ratio of 
L . bulguicus to s . thermophilus determines fla-
vour anc body characteristics of the ri pened 
yoghurt·. In yoghurt manufacture, ratios of 1:1 
to 1: 3 tave been used. However, Tamime and Oeethljlj 
Fig . 16 . Void spaces 
occupiec. by lactic acid 
bacteria in a set- style 
nonfat tpghurt contain-
i n g 20% t otal solids . 
Most voLt spaces shown 
in the S:M micrograph 
(a) conbin streptococ-
ci (arro.s) . Void spac-
es arounl lactic acid 
bacteria can also be 
obs£>rvPd in thi n sec-
tions (b . B = bacteria , 
VS = voil space , M = 
protein :~atrix . 
Fig. 17 . A pair of stereo 
mi crogra1hs showing de-
tal ls of a void space and 
its contmts in set- style 
yoghurt . Casein micelle 
chai ns s1rrounding the 
void spa(e are orie n ted 
as if suJjectcd to some 
stress . 'his is a cross 
section cf an elongated 
void spa(e . 
Fig . 18 . A pair of s t ereo 
microgra1hs showin g the 
orientat10n of casei n mi-
celle chdns in a longi-
tudinal sction of a void 
space ocupied by a chain 
of strepbcocci . 
59 
noted that the tenn "ratio" as it appears in the 
literature, is somewhat vague because it may refer 
to the colony-to-colony, clump-to-clump, chain-to-
chain, or cell-to-ce ll ratios of Lactobacillus-to-
Stroptococcus . According to the starter manufactur-
ers, a ratio of 1:1 means 5 to 10 cells of s . ther-
mophilus to one cell of L. bulgaricus" 3 • 
SEM examination at low magnifications of smooth 
4 ~ .:.~ :.~ .- . 
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Fig . 19 . Cold- stage SEM of uncoated yoghurt reveal -
ing the presence of void spaces occupied by lactic 
acid bacteria . Absence of a conductive metal layer 
led to some charging a rtefa cts (lines and exces-
sively light areas) bu t in general , the void 
spaces are clearly vi sible . 
Fig . 21 . Mucogen ic (s lime- p roduci ng) lactobacilli 
in a set- style yoghurt, demonstrating t he presence 
of an e xocell ul ar po l ysacchari de ( til aments ). 
{The yoghurt sample was provided b y Dr . A.Y. Ta-
mi me ). 
fractures obtained by freeze-fracturing reveals 
numerous cavities (void spaces) in the protein 
matrix (Fig . 16). The presence of lactic acid bac-
teri a in such void spaces bec001es apparent as the 
magnification is increased (Figs. 17 and 18 ). The 
void spaces around the bacteria were attributed to 
bacterial action 18 • 25 , although C. J. Thomas (per-
sonal communication) suspected that they may be 
artefacts arising from differences in the shrink-
age of the protein matrix and the bacterial clus-
ters during the preparation of the yoghurt samples 
for electron microscopy . A hypothesis that the 
void spaces are caused by proteolytic enzymes pro -
duced by the bacteria 25 was tested in several kinds 
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Fig . 20 . Dead lactobacilli (arrows) are tightly 
embedded in the protein matrix of a yoghurt 
made by culturing the milk with viable strep t o-
cocci . No void spaces a ce formed around dead 
bacteri a . 
Fig . 22 . Mu cogen ic (slime-producing) strepto-
cocci in a s et- s t yle yogh urt , demonstrati n g t he 
pr esence o f an e x ocell ula r polysaccha r ide ( Ei l a-
ments ). 
of experiments: (a) One of the s trains in the mixed 
starter culture used to make the yoghurt (cocci or 
bacilli) was killed by physical (r adiation) or 
chemical (formaldehyde) means. The dead bacteria 
were incorporated in the milk at a concentration 
1,000-fold higher than tha t of the vi able str ain; 
the reason for this difference wa s that the viable 
bacteria propagated in the milk whereas the dead 
bacteria did not. (b) Cold- s tage SEM was used to 
examine yoghurt unaffected by fixation, dehydration, 
and drying and the micrographs were compared with 
those obtained by conventional SEM of glutaraldehyde -
fixed, freeze - fractured , and dried yoghurt samples . 
(c) Viable bacterial cultures d i ffering in the 
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amount of protease produced (i.e. so-cal led prote-
ase-positive and protease-negative strains) were 
used to make yoghurt and their effects on the 
microstructure of the protein matrix were studied 
by conventional SE~1. 
Cold-stage SE~1 of freeze-fractured yoghurt 
not coated with gold clearly demonstrated the ex-
istence of void spaces with bacteria in the protein 
matrix; this is evident {Fig. 19) in spite of the 
poor quality of the micrograph caused by the ex-
amination of the frozen yoghurt samples without 
coating them with gold which means that conductiv-
ity depended on the ions present in the yoghurt 20 . 
However, this approach had the advantage in that 
the matrix was examined during freeze-etching as 
the ice present in it gradually sublimed off and 
exposed the underlying structures. 
SEM of yoghurts containing viable and dead 
bacteria showed void spaces only around viable 
bacteria whereas dead bacteria were embedded tight-
ly in the protein matrix (Fig. 20). Dead bacteria, 
however, did not retain their initial shapes and 
were subjected to changes, particularly shrinkage. 
Protease-positive bacteria formed void spaces 
but protease-negative bacteria did not; however, 
the studies on the relationship between the dimen-
sions of the void spaces and the production of 
proteolytic enzymes by the bacteria have not yet 
been cone l uded. 
Another possibility for the development of 
the void spaces was mentioned by N.F. Olson (per-
sonal communication) who suggested that casein 
micelles which are closest to the bacteria are co-
agulated by lactic acid first, because its con-
centration is highest in the vicinity of the bac-
teria which produce it. As the coagulation proceeds 
outwards, the freshly formed gel may separate froo 
the bacteria and lead t'J the development of void 
spaces. 
There is evidence in sooe yoghurts that the 
casein matrix surrounding the void spaces was sub-
jected to stress. Casein micelle chains are stretch-
ed and oriented in one direction, which is partic-
ularly clearly visible in pairs of stereo micro-
graphs (Figs. 17 a nd 18), and which may support 
the hypothesis by Olson. 
In general, higher total solids in yoghurt 
make it easier to detect the void spaces. In some 
yoghurts the number and dimensions of the void 
spaces may reach sign i fi cant proportions affecting 
the integrity of the matrix. 
Bacteria contribute to the microstructure of 
yoghurt in an additional manner. Many lactic acid 
bacteria possess the ability to produce extra-
cellular polysaccharides, particularly when grown 
in the presence of sucrose' So- called slime-
producing, mucogenic, or "ropy" lactic acid bac-
teria cultures were developed in the Netherlands 10 
for use in yoghurt. By SEM, such cultures are 
characterized by the presence of filaments which 
attach the bacteria (bacilli in Fig. 21 and cocci 
in Fig. 22) to each other and to the protein ma-
trix . As the exocellular polysaccharides have some 
of the properties of the thickening agents, the 
use of mucogenic cultures makes it possible to 
prepare viscous yoghurt without the use of exo-
genous additives. 
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Electron microscopy 
Examination of fixed and dried samples by con-
ventional SEM 1 8 , 1 9 , u , 23 , 28 and TEM of thin sections 
of yoghurt samples embedded in a resin 5 , 1 9 , u , 23 , 28 
were used most frequently to study the microstructure 
of this product. In this review, micrographs obtain-
ed by rotary shadowing of casein micelles and their 
clusters at the early stages of gelation are also 
presented. For this purpose, casein micelles fixed 
in a glutaraldehyde solution were attached to fresh-
ly cleaved mica sheets pretreated with poly-L-ly-
sine, dehydrated in a graded ethanol series, 
critical-point dried, and shadowed with platinum 
and carbon at a 45° angle while the samples were 
rotated. The replicas of the casein micelles or 
their clusters thus obtained were cleaned in a 3% 
sodium hypochlorite solution, washed with water, 
placed on 400-mesh grids, and examined in an elec-
tron microscope operated at 60 kV. Intermediate 
negatives were made using 35-mm 135-ASA film 24 
Embedding of casein micelles in a resin was 
usually preceded by their fixation and immobiliza-
tion by either mixing them with a warm agar 
sol 5 , 23 or by encapsulating them in agar gel 
tubes' 6 , 37 . The solidified samples were postfixed 
in a 2% Os0 4 solution in a 0 .05 M veronal-acetate 
buffer (pH 7.75) 2 3 or in a 0.2 M cacodylate-HCl 
buffer (pH 7.2) 5 • 
Samples (<1 mm 3 ) of finished yoghurt were 
fixed and postfixed in the same way as immobi lized 
casein micelles, embedded in a Spurr's low-viscosity 
medium"' or Araldite 5 , sectioned, and stained with 
uranyl acetate and lead citrate 1 5 , 3 ~ for electron 
microscopy. 
The incubated yoghurt mix was sampled before 
gelation at regular 3 to 4 min intervals 2 3 • 
Embedding of immobi 1 i zed casein mice 1 1 es and 
of small yoghurt samples is easy as the porous 
matrices are rap i dly impregn ated with the resin 
monomer. However, Schmidt 39 warned that so-called 
appendages (projections, "hairs", "spikes" etc.) 
on casein micelles may be artefacts arising from 
the preparatory steps. The appendages observed in 
casein micelle thin sections were not found when 
similar samples were freeze-fractured and replicat-
ed with platinum and carbon; instead of threads, an 
increased number of free particles of submicellar 
dimensions was observed 39 . Concerning the ragged 
surface of the casein micelle in Fig . 6a, D.G. 
Schmidt (personal communication) suggested that at 
least a part of the "spikes" may be due to preci pi-
tated calcium phosphate. 
Freeze-fracturing followed by replication 
with platinum and carbon is better suited to ex-
amine the progress of gelation of milk in greater 
detail and can also be used to elucidate inter-
actions of casein micelles 2 ' 3 'l with additives such 
as gelatin, starch, alginates etc. and fortifying 
agents such as whey proteins. However, this method 
has yet to be employed in such studies. One reason 
for not using it to its potential may be that 
unless quality, and thus expensive equipment is 
used both to rapidly freeze the specimens and to 
fracture and replicate them, the artefacts arising 
from the inappropriate execution of the technique 
may be a deterrent. It is evident fran the previous 
discussion that the onset of gelation and inter-
actions with additives need to be studied in 
greater detail. 
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Conventional SEM of the gelled yoghurt is 
easy to carry out provided that certain rules are 
followed. As was mentioned earlier. fixed samples 
may be freeze- fractured either with the aqueous 
phase present or replaced with absolute alcoho1 20 • 
In the fanner case . the fragments are freeze-dried 
whereas in the latter case they are melted in ab-
solute alcohol and subsequently critical-point 
dried. This procedure has no harmful effects on the 
yoghurt matrix. 
Freeze-fracturing leads to images superior to 
those obtained by dry-fracturing. Smooth fracture 
planes obtained by freeze-fracturing are sui table 
for studies of the porosity of the matrix, link-
ages of casein micelles in clusters and chains, 
distribution of void spaces etc. Dry-fractured 
particles, on the other hand, are characterized by 
ragged su rfaces of a complex topography which are 
difficult to both photograph and interpret 
(Fig. 23) as the structu re elements are not viewed 
in the same plane. 
Mounting of the fra(Jnents on SEM stubs has to 
be done carefu ll y to provide a base for a conduc -
tive path for the electrons after the particles 
are coated with carbon and gold. In practice it 
means that the particles should have relatively 
sma ll fracture planes (<1 rrrn 2 } and be low ( ~0 .5 mm). 
It is advisable to position the particles on top 
of a droplet of a conductive cement of a proper 
consistency (free solvent should not penetrate the 
matrix} with the fractured plane facing up and to 
paint the sides of the particle with the cement as 
close to the fracture plane as possible (Fig. 24). 
Coating of the fragments with carbon prior to 
gold coating improves the final SEM image. The 
angles (a minimum of two) at which coating with 
gold is carried out by the evaporation technique 
should be properly selected. Coating at an angle 
too acute (low) fails to provide enough gold to 
fonn an uninte r rupted conductive path on theca-
sein micelles and clusters. Also the amount of gold 
used is important as the large tota l surface of the 
protein matrix requires more gold to be evaporated 
than does coating of compact surfaces such as 
fractured cheese. The presence of a small number 
of nitrogen molecules was used 20 to induce colli-
sions with the gold atoms and their deflections; 
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Fig . 23 (left). 
SEM of a dry-
fractured 
yoghurt sample 
shCMing a com-
plex topography 
(as compared to 
freeze-fractur-
ed samples) 
which is diffi-
cult to photo-
graph and 
interpret . 
Fig . 24 (right) . Low-magnification SEM of a freeze-
f ractured yoghurt particle mounted on an SE'-1 stub 
using a conductive silver cement . The silvEr 
cement was painted on the walls of the particle 
close to the fractured plan e to provide an uninter-
rupted conductive path for electrons during SEM . 
this resulted in their deposition on the prJtein 
matrix from various directions making the CJati ng 
unifonn. Sputter coati ng of yoghurt samples in the 
authors' 1 a bora tory fai 1 ed to produce bette" images 
than evaporative coating. 
The porous matrix o f yoghurt is susceptible to 
electron beam damage and, consequently, foOJssing 
of the electron beam should be carried out rapidly. 
Cold-stage SEM of uncoated samp les prcduces 
inferior images and is justified only under specific 
circumstances. However , continuous sca nning of the 
freeze-fractured samp l e makes it possible to s tudy 
the gradual emergence of the protein matri x from 
the aqueous phase as the ice su blimes off; needless 
to say this technique co ntributes to the ccntamina-
tion of the microscope. 
Conclusion 
Yoghurt has become an important milk 1roduct 
which is made in a great variety of styles differ-
ing i n texture, flavour, and joule (calorid content. 
Microstructure and rel a t ed pro pe rties such as sus-
ceptibility to syneresis and finnness de;end on 
the heat treatment of milk, total solids c<ntents, 
bacterial starter cultures, conditions of wlturing. 
presence of additives, and other factors. I wide 
field is open to studies of the microstruc ture in 
set- style as well as s tirred and frozen yo5hu rts. 
Electron microscopical techniques used shoLld not 
be limited to thin-sectioning and conventi(na l SEM 
but should also include freeze-fracturing c.n d 
freeze-etching followed by replication witt plati -
num and carbon. In addition to points alrec.dy raised 
in this review, it would be interesting to study the 
role of fat globules in yoghurts made from whole 
unhomogenized and from homogenized milk, pcrticular-
ly in view of the hypothesis postulated by van Vliet 
and Dentener-Kikkert " 6 that a fat globule nemb r ane 
reacting with milk proteins will increase ·.he 
strength of the resultin g milk gel as oppo~ ed to a 
nonreactive menbrane. 
It is evident that electron microscop: can play 
an important role in the study of the gela:ion of 
milk and in anticipating and explaining sane phys-
ical properties of newly developed yoghurt ; . The 
objective of this review was to stimulate ;uch 
studies . 
MICROSTRUCTURE OF YOGHURT 
Acknowledgments 
Skillful assistance provided by Mr. J.A . G. 
Larose and Mr. Sierk Itz i s acknowledged. The au-
thors thank Dr. F.L . Davies and the Journal of 
Dairy Research (Nat i onal Institute for Research in 
Dairying, U. K.) for permiss ion to r ep r od uce Figs. 
4 and 5 a nd to Dr . C.J. Thomas and Dr. N.F . Olson 
for personal conmun ica t ion s on the origin of void 
spaces in yoghurt. Dr. A.Y . Tamime provided sampl es 
of yoghurt, the micrograph of which cons titutes 
Fig. 21. Dr . R. P . Sinha carri ed out exper i ments on 
the i nclus i on of dead lactic acid bacter ia in 
yoghurt. 
Figs. 1 and 3a are reprinted by permiss i on 
from Mil chwi ssenschaft, Fig. 10 is reprinted by 
permission from the Journal of Texture Studies 
(Food an d Nutrition Press , Inc., U.S.A . ), Figs. 14 
a nd 15 are reprin ted by pennission from the Journal 
of Dairy Science (American Dai ry Science Associa -
tion ) , and Fi gs . 11 and 12 are fro m a ma nu sc ri pt 
s ubmitted by Dr . V.R. Harwalkar and M. Kalab for 
pub 1 i cation in Mil chwi ssenschaft. Useful sugges -
tions provided by Dr. H. W. Modler are acknowledged. 
Electron Microscope Centre, Resea r ch Branch, Agri-
cu lture Canada in Ottawa provided fac ili t ie s . 
Thi s r ev i ew is Contribution 535 from the Food 
Research Institute, Resea r c h Br anch, Agriculture 
Canada in Ottawa . 
References 
1. Brooker BE. (1979} . Electron microscopy of dex -
tran s produced by lactic acid bacteria, in: 
Mi crob ia 1 Polysaccharides and Po lysaccha rid-
ases. R.C .W. Berkeley, G. W. Gooday, D. C. Ell-
wood (eds.), Academic Press, 85- ll 5. 
2 . 8uchheim, W. ( 1982). Aspects of sample prepara-
tion for freeze- fracture/ freeze-etch studies 
of proteins and lipids in food systems . Are-
view. Food Mi c rostructure 1(2), 189-208. 
3. Chabot JF. (1979). Preparation of food science 
samples for SEf·1. Scanning Electron Microsc . 
1979; Ill: 279- 296, 298 . 
4. Dairy Facts and Figures at a Glance . Published 
by Dairy Farmers of Canada , 111 Sparks Street, 
Ottawa, Onta rio, Canada KlP 5B5, Table 21. 
5 . Davies FL, Shankar PA, Brooker BE, Hobbs OG. 
( 19 78) . A heat-induced change in the ultra-
structure of milk and its effect on gel forma-
tion in yoghu rt. J . Dairy Res . ~. 53-58. 
6 . Dutta SM, Kuila RK, Ranganathan B, Laxminarayan 
H. (1971 ) . Biochemical changes produced in 
milk by selected cultures of lactic acid bac-
teria. Indian J . Dairy Sci . fi, 107-lll. 
7 . E1111lons D8 , Tuckey SL. (1967). Cottage Cheese 
and Other Cultured Mi 1 k Products. Chas Pfizer 
& Co., Inc ., New York, 130-143. 
8 . E1111lo ns DB , Beckett DC , Larmo nd E. (1972) . Phy-
sical properties a nd storage stability of 
milk-based puddings made with va r ious starches 
and s tabil i zers. Ca n. Inst. Food Sc i. Tech no1. 
J . .?_, 72 -76. 
9. Galesloot TE, Hassing F. (1973). Kluitjes in 
roeryoghurt , i n: Over Yoghurt, NI ZO -Medede lin -
gen No . 7 , The Nether l ands , 44- 50 . 
63 
10. Galesloot TE, Hassing F. (1973). Handhaven van 
de slijmstofproduktie van yoghurt-culturen, 
in: Over Yoghurt, N I ZO-Medede 1 i ngen No. 7, 
The Netherlands, 57-62 . 
ll . Grigo r ov H. ( 1966) . Effect of heat treatment 
of cow ' s mi lk on the hydrophilic properties 
of the protein in Bulgarian yoghurt. XVII 
Internat. Dairy Congress, Section FS , 649 . 
Published by XVII Internati onale r Milchwirt-
schaftskongress 1966 e.V. Mi.inchen, F.R. Ger-
ma ny. 
12 . Harwalkar VR , Kalab M. (1980) . Milk gel struc-
ture . XI . Electron microscopy of g lu cono- 6-
lactone-induced skim milk ge l s. J. Texture 
Stud . .!_l, 35-49. 
13. Harwa l kar VR, Kalab M. (1981 ) . Effect of acid-
ulants and temperature on mic rostructure, 
f irmness and susceptibility to syne resis of 
s ki m milk gels. Scanni ng Electron Microsc. 
1981; III: 503-513. 
14. Harwalkar VR , Kalab M. (1983) . Susceptibility 
of yoghurt to syneres i s. Comparison of 
centrifugation and drainage methods. Mil ch-
wi ssenschaft ( in press) . 
15 . Hayat MA. (1970) . Staini ng , in: Principles and 
Techniques of Elec tron Microscopy. Biological 
Applications . Van Nostrand Reinhold Co ., New 
York , Vol. 1, 241-319. 
16. Henstra S , Schmidt DG . (1974) . The mic r ocapsulae 
technique. An embedding procedure for the study 
of suspe nsions and emu l sio ns . LKB Application 
Note No. 150 (available from LKB Produ kter 
AB, S- 161 25 Bromma 1, Sweden) . 
17. Hood LF, Allen JE. (1977). Ultrastru ctu re of 
carrageenan - milk sols and gels. J. Food Sci. 
~. 1062-1 065 . 
18. Kalab M. (1979). Sca nnin g electron microscopy 
of dairy products : An ove rvi ew. Scanning 
Electron Microsc. 197g; Ill: 261-272. 
19. Kalab M. ( 1979). Microstructure of dairy foods. 
1. Mi 1 k products based on protein. J. Dairy 
Sc i. §£(8) , 1352-1364. 
20 . Kalab M. (1981). Electron mi c r oscopy of milk 
products: A review of techniques. Scanning 
Electron Microsc. 1981; Ill: 453 - 472. 
21. Kalab M, Harwalkar VR. (1973) . Milk gel struc-
ture. I . Application of scanning electron 
microscopy to mi l k and other food gels . 
J. Dairy Sc i. ~(7), 835-842. 
22 . Kala b M, Emmons DB, Sargant AG. (1975). Milk 
ge l structure . IV. Microstructure of yoghu r ts 
in relation to the presence of thickening 
agen ts . J. Dairy Res.~ ' 453-458. 
23 . Kalab M, Emmons DB, Sargant AG. (1976). Milk 
ge l structu re. V. Mi c ros tructure of yogh urt 
as related to the heating of milk . Milch-
wissenschaft l!_(7), 402 - 408 . 
24 . Kalab M, Phipps - Todd BE, Allan-Wojtas P. ( 1982) . 
Milk ge l structu re. XIII. Rotary shadowing of 
casein mi celles for elect ron microscopy . 
Mil c hwi ssenschaft 1.?.(9) , 513-518. 
25 . Kalab M, Sinha RP, Allan-f/ojtas P, Phipps -Todd 
M. KALAB, P . ALLIIN-WOJTAS, and B.E:. PIIIPPS-TODD 
BE. (1982). Origin of void spaces in fenne nt-
ed milk products. Can. Inst. Food Sci. Tech-
nol. J . .!2(3), xvi (Abstract). 
26 . Knoop A-M, Peters H-K . (1975). Die Ausbildung 
der Gallertenstruktur bei der Labrinnung und 
der Siiuregerinnung der Milch. Kieler Milch-
wirt. Fo rschungsber. ?]_, 227-248. 
27 . Kozhev A, Penelski I, Panova V. (1972). Bul-
garian sour milk production employing fer-
mentation in bulk. (In Bulgarian). Izv. 
Nauchno-Issled. Inst. Mlech. Prom., Vi din 4, 
127-136 (from Dairy Sci. Abstracts 34, 678; 
Abstract 4057, lg72). -
28 . Modler HW, Kalab M. (lg83). Microstructure of 
yogurt stabilized with milk proteins. J. 
Dairy Sci. £§.( 3), 430-437 . 
2g . Modler HW, Larmond ME, Lin CS, Froehlich D, 
Emmons DB. (lg83). Physical and sensory pro-
perties of yogurt stabilized with milk 
proteins. J. Dairy Sci. ~(3), 422-42g. 
30. Pette JW. (1957). Joghurt und seine Probleme. 
Kieler Milchwirt. Forschungsber . .2_, 177-190. 
31. Pu lay G, Krasz A. (lg74) . Factors affecting the 
activity of starters in milks of different 
so lids contents. XIX Internat. Dairy Congress 
lE, 413-414. Published by the Secretariat of 
the XIX Internat. Dairy Congress, New Delhi, 
India. 
32. Radema L, Van Dijk R (lg7J). Verdikkingsmid-
delen voor yoghurt , in: Over Yoghurt, NIZO-
Mededelingen No. 7, The Netherlands, 51- 56. 
33 . Rasic Jlj, Kurmann JA. (1978). Yoghurt. Scien-
tific Grounds, Technology, Manufacture and 
Preparations. Technical Dairy Publishing 
House, Jyllingevej 39, DK-2720 Vanl~se, 
Copenhagen, Denmark, 466 pp. 
34. Reynolds ES. (lg63). The use of lead citrate 
at high pH as an electron-opaque stain in 
electron microscopy . J . Cell Biol. 17, 208-
212. -
35. Rob inson RK, Tamime AY. ( Jg75 ). Yoghurt- A re-
view of the product and its manufacture. 
J. Soc. Dairy Technol. ~(3), l4g-l63. 
36. Robinson RK, Tamime AY. (lg76). Quality apprais-
al of yoghurt. J. Soc . Dairy Technol. £2,(3), 
148-155. 
37. Salyaev RK. (1968). A method of fixation and 
embedding of liquid and fragile materials in 
agar microcapsulae. Proc. 4th Europ. Reg. 
Conf. Electron Microsc., Rome, Italy. 0.5. 
Bocciarelli (ed.), Tipografia Poliglotta Va-
ticana, Rome, Italy, II, 37-38 . 
38. Sawyer WH. (1968). Heat denaturation of bovine 
(3 -lactoglobulins and relevance of disulfide 
aggregation. J. Dai ry Sci . .?..!_(3) , 323-329. 
39. Schmidt DG . (lg82). Electron microscopy of 
milk and milk products: Problems and possibi-
lities. Food Microstructure .!_(2), 151-165. 
40. Snoeren THM . (1976) . Kappa-Carrageenan. A study 
on its physicochemical properties, sol-ge l 
transition and interaction with milk proteins. 
H. Veenman & Zonen B. V., Wageni ngen, the 
64 
Netherlands, 57-7g. 
41. Spurr AR. (1969). A low-viscosity epoxy resin 
embedding medium for electron microscopy. 
J. Ultrastruct. Res. ~. 31-43. 
42. Storck W. (lg5g). Milchmischgetranke und Sauer-
mi 1 chgetdinke, ei nschl i essl i ch Yoghurt und 
Bi oghurt. Verlag Thomas Mann GmbH, Hildesheim. 
F.R. Germany, 144 pp. 
43. Tamime AY. (lg77). The behaviour of different 
starter cultures during the manufacture of 
yoghurt from hydrolysed milk. Dairy Ind. 
Internat. _41(8), 7-ll. 
44. Tamime AY, Deeth HC. (1980). Yogurt: Technology 
and biochemistry. J. Food Protection i2( 12), 
g39-g77. 
45. Tarodo de la Fuente B, Alais C. (1975). Solva-
tion of casein in bovine milk . J. Dairy Sci. 
~. 2g3-300. 
46. van Vliet T, Dentener-Kikkert A. (1982). In-
fluence of the composition of the milk fat 
globule membrane on the rheological proper-
ties of acid milk gels. Neth. Milk Dairy J . 
~. 261-265. 
47. little CA, Thompson MP, Custer JH, Cerbulis J. 
(1962). K-Case in- S-lactoglobulin interaction 
in solution when heated. J. Dairy Sci. 45(7). 
807-810. -
Discussion with Reviewers 
~You have observed that acid coagulation 
of casein micelles leads to the formation of 
clusters and chains. In the case of rennet coagu -
lation, the predominant form of aggregation of 
the casein particles seems to be the chain forma-
tion. Both theoretical considerations and exper-
imental observations indicate that linear chains 
are formed with the highest probability , followed 
by branching . Do you think that cluster formation 
is typical for acid coagulation? 
Authors: Chains as the predcminant form of casein 
micelle aggregation in yoghurt are found in all 
samples made from preheated milk; preheating of 
milk is always practised in yoghurt manufacture. 
In mi lk that had not been preheated and was gelled 
by a yoghurt starter culture , however, the predo-
minant form of micelle aggregation is clustering ; 
there is sufficient electron microscopical support 
for this statement although no theoretical conside-
rations have yet been made on this type of casein 
micelle aggregation. 
A.Y. Tamime: The authors have suggested in t heir 
discussion that the protein/protein interacti on 
takes place only between B-lactoglobulin and 
K-casein; I wonder, however, whether a.- lactalbumin 
is also involved in such interactions. 
Authors: We have found no references which would 
i nd icate that a.- lactalbumin is involved in the 
formation of "spikes" on casein micelles in heated 
milk. 
D.N . Holcomb: What ar t efacts, if any , result if 
casein micelles are postfixed with OsO., without 
first be ing immobi 1 i zed in agar? ---
Authors : Postfixation of casein micelles with OsO., 
~ical step in preparing casein micelles for 
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embedding in a res in, be it executed by immobiliz-
ing them in agar or centrifuging and embedding them 
in the form of a pellet. Shimmin and Hill~ 9 even 
used postfixation with Os0 4 in the case of casein 
micelles destined for negative s tain ing and metal-
shadowing . When casein micelles are immobilized in 
agar , i t is easier to sepa rate the oso ~ solution 
from the agar ge l part i cles than frcm casein mi-
ce ll es f ree ly dispersed i n the postfix i ng so lution . 
The question thus can be refonnulated as to whether 
any artefacts develop in casein micelles fixed and 
postfixed only after they had been immobilized in 
agar gel. This is an interesting ques tion and will 
be answered by practical experiments. 
D.N. Holcomb: The authors i dentify aga r fibres in 
Fig. 1. Should these a l so be visib l e i n Fig. 2? 
Authors: Fig . 1 was obtained at a high magnifica-
t ion where agar fi bres are clea rl y distinguished . 
They are not evident in Fi g . 2 because of the con -
side r ably lower magnification. 
~ This review is concerned with nonfat 
yoghurts only . The residual fat content of skimmed 
milk is usually smaller than 0.05%. Nevertheless, 
thi s sma ll percentage co rresponds t o at least 10 6 
to 10 9 fat globules pe r 1 g of milk or yoghurt. 
Did you observe these fat globules or were they 
removed during the prepara t ion procedure? 
Authors: We did not observe fat globules in nonfat 
milk yoghurts although no attempts were made to re-
move t hem frcm the sampl es on purpose. It is pos -
sible, however, that the fat globu l es were removed 
dur ing the preparation of the samples for SEM . This 
preparation consisted of fixing the samples in a 
glutaraldehyde so lution, dehydrating them in a 
graded a l cohol series , and f reeze-fracturi ng. The 
resulting fr agments were me lted in absolute alcoho l 
and were subsequently critical-point dried from 
ca r bon dioxide. The fat gl obules were, thus, expos-
ed to absolute alcohol and carbon dioxide, both to 
be known lipophilic solvents. It is probable that 
the f at was extracted during those step s . Other-
wise, there would be approximately 0.01 to 1 fat 
g1obu ' e within the field of vision in the scanning 
elect ron microscope used at a l, ZOOX magnification 
consic'eri ng your assumption that there were 10 6 
to 10• fat globules in 1 g of yoghurt . 
~The interface between the coagulated 
milk c:nd the wal l s of the container plays an im-
po r tart ro le for the syneres i s of yoghurt. Certain 
surfa ces retard and others promote the shrinkage 
of the casein network. Has this phenomenon been 
studied using electron microscopy? Which prepara-
tion :echnique co uld be recorrmended for such a 
study ' 
Autho rs: It is regrettable that no reference has 
been nade concerning this phenomenon. In their 
book, RaS iC and Kunnann 3 3 ccmpare the advantages 
and d1sadvantages of various packaging materials. 
So, fer example, glass prevents gas diffusion and 
does rot interact with the pr odu ct . Polyvinyl 
chlo n de {PVC) and polyvinyl iden chlo r ide {PVDC) 
hav er. relatively l ow permeability to water vapour, 
oxyger, nitrogen, and ca rbon dioxide, wh ereas poly-
styrere and polyethylene demonstrate a high per-
meabi lity for th e above gases . Waxed ca rton is 
suscertible to discolouration by some fruits in 
fruityoghu rts, indicating a selective absorp t ion 
of sane substances frcm the yoghurt. However , no 
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relationship between the packaging materials and 
syneresis in yoghurt has been mentioned. We con-
sulted commercial yoghurt manufacturers in Canada 
to answer your question. One of them assumed that 
if differences i n syneresis are noted in yoghu rt 
transported in va r ious packaging materials, such 
differences can result frcm differences in the way 
vibrations are transmitted to the yoghurt during 
transportation. The other manufacture r reported no 
differences in syneresis among yoghurts made in 
stainless steel pots and tanks, in glass bottles, 
and in different types of plastic containers pro-
vided that other variables such as the type of 
cultu r e used, product fonnula, and processing con-
ditions were the same. 
Interactions between yoghurt and the packaging 
materials could be studied by immersing test strips 
of unifonn dimensions in the milk and by SEM of the 
material adhe rin g to the strips in the finished 
yoghurt. 
F.l. Davies: In experiments to detennine the cause 
of void spaces surrounding bacte r ia, the authors 
report that proteinase-positive bacte ri a (lacto-
bacilli?) fanned void spaces whereas proteinase-
negative variants did not. It shou ld be remembered 
that S . theJtmophi1u..t. has 1 itt l e or no pro teo lytic 
activity, depending , i n yoghurt, upon L. bu.tgaJu:.c-
M to effect the initial breakdown of proteins. 
Examination of figures9b , 9d, l3a , l3b, l3c, 17 , 
and 18 suggests that void spaces are equally (if 
no more) evident around the non-proteolytic strep-
tococci as around the st ron gly proteolytic lacto-
bacill i. This argues against proteinase activity 
as the cause of void spaces and perhaps adds 
weight to Olson's hypothesis concerni ng local con-
centrations of lac ti c acid. 
D.G . Schmidt : In vi ew of the results presented, 
which clearly show a relation s hip between the 
voids around bacteria and proteolytic activity, 
consider Olson ' s hypothesis inferior to the proteo -
lysis hypothesis unless a definite answer can be 
given to the question "Why should the gel separate 
from the bacteria?" 
~ The readers should be in fanned whether 
the void spaces shown in Fig . 19 were formed after 
the sublimation of ice or whether they correspond 
to gas bubb 1 es. 
Authors : At present we are unable to draw any defi-
nite conclusion concerning the ori gin of void spaces 
around lactic acid bacteria in yoghu r t, because the 
evidence presented is insufficient to support any 
hypothesis. The suggestion to more closely examine 
the nature of the void spaces (fluid or gas) is 
important, particularly in view of the work by 
Driessen et al. 49 ; these authors showed that 
carbon di oxi de produced by S. theJunophLtu.6 is need-
ed by L. bu.igC1lL..{.cM for optimal lactic acid produc-
tion and growth . The relati vely rapid changes in 
the images of uncoated freeze-fractured yoghurt 
sampl es in the scanning electron mic r oscope do not 
make it possib le to ccmment on the nature of the 
void spaces shown in Fig. 19. The experiments need 
to be repeated and e xtended. Replication with 
platinum and carbon will a l so be used. 
O. N. Holcomb: What SEM conditions (beam voltage, 
working di s tance, etc . ) did the authors use for 
cold -stage SEM? Would use of a so-called "cha r ge 
neutralizer" (e .g., C.K. Cr awford: Charge 
M. KALP;D , P . ALLAN-IVOJTAS, and B . E:. PHIPPS-TODD 
neutrallzatlon uslng very low energy ions. Scanning 
Electron Microsc. 1979; II: 31-46) help to improve 
the qual ity of the cold-stage SEM micrographs? 
Authors: Accelerating voltage was 10 kV, beam cur-
rent was 50 to 70 lJA, and the worklng distance was 
7.1 mm. The charge neutralizer might help improve 
the qua l ity of the micrographs, particularl y those 
taken at a low magnification. but we have no 
practical experience with this SEM accessory. 
Additional References 
48. Driessen FM, Kingma F. Stadhouders J. (1982). 
Evidence that Lac..tobaci.liu.-6 bu£.gaJ'L.{_cU6 in 
yoghurt is stimula ted by carbon dioxide pro-
duced by S.ttte.p:toc.oc.CJJ..6 theJrmophd'.w.. . Neth. 
Milk Dairy J . ~(2), 135-144. 
49. Shimmin PD , Hill RD. (1965) . Further studies 
on the i nternal structure of the casein mi-
celles of milk. Austral. J. Dalry Technol. 
KQ.. 119-122. 
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Abstrac t 
This paper reviews the application of 
field spectroscopy in the food production 
chain, particularly how field spectroscopy 
aids research and production of agricultural 
c r ops , and helps to unders tand the process of 
converting these crops into food. 
The review discusses the nondestructive 
app l ication of fi eld spectroscopy such as 
ultraviolet , refl ect ive , visi bl e, near 
infrared and fluorescence techniq ues using 
con ventional or la ser light sources, to 
determine qualitative and quantitative 
properties of agricultural crops and produce. 
Field spectroscopy can provide data on 
soil cons tituents and moisture, crop maturity, 
crop vi gor, crop health, variety, variety 
within crops , and protein a nd moisture content 
in a standing crop. It prov ides data on gas 
particulates i n col d storage, and growth rooms 
(C0 2 and 0 2 ). 
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Fi nal manuscript received Ju l y 7, 1983. 
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Introducti on 
The term of "Field Spect r oscopy" i mplies that 
spectroscop i c measurements are performed i n the 
field without disturbing the object to be measured, 
be they growing crops, so il, harvested produce or 
processed food, in other words a nondestructive 
method . 
Spec troscopy measures the electromagnetic 
spec tra (EMS) generated by the interacti on of in-
cident radiant energy (so l ar or artific i al) with 
t he materia l to be measured or analyzed . The EMS 
produced b.y this interaction produces two types of 
spectra: a) emissi on; b) absorpti on. In spectra-
radiometric measu rements these spectra are charac-
teri stics of transitions whose energy r equiremen t s 
are rel a ted to specific wavelengths where tran s i-
tion energies can be measured by the amount of 
ener gy absorbed or reflected. In t he field spec-
troscopy domai n thi s is confined to the ultrav i o-
let (UV) , visible and infrared ( IR) spectra l 
ranges. 
In the food production chain, the appl i cat i on 
of f i eld spectroscopy is diverse, and requires 
spectroradiorneters of different kinds both in 
principle and technical arrangement . 
The theory of spectroscopy i s well recorded 
in the literature [2,4,13,19,21 , 22,23,25,27,34,35 , 
41 , 42,43,52,53] . Several practical applications 
are described by authors in scientific and tech -
nical papers of various aspects of spectroscopy 
applied to soils, crops and produce . Thi s paper 
will review these appli cations a l ong with the work 
accompli s hed at the Engineeri ng and Stati stica l 
Research Inst itute in cooperat i on with various 
Research Stations of Agri cu lture Canada and Uni -
versities. 
The object ive of th i s paper is to focus the 
attent ion of food scienti sts on field spectroscopy 
s ince it is gaining i mportance in the evaluatio n 
of agricultural crops by remote sensers . 
Contribution No. 1-481 of Eng. & Stat. Res . 
Inst ., Res . Br., Agriculture Canada. 
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Fundamental Concepts 
In the investigation of the role of radiant 
energy in biological systems, one must consider 
both the complexity of photochemical processes in 
biological systems and the proper select ion and 
application of appropriate techniques of 
radiation production, control, and 
measurement . 
Radiant energy is propagated through snace 
as electromagnetic waves. On interaction with 
matter, this energy behaves as "quanta" or 
"photons". In field spectroscopy we utilize 
that region of the spectrlfm in which the 
photons have sufficient energy to alter the 
outer electronic energy levels of atoms, i.e. 
the UV, visible and IR regions, but not the 
regions of very high energy which re sult in com-
plete ionization. 
The visible spectrum extends frorrt about 
300 nm in the violet to 720 nm in the red, as 
determined by the limits of the spectral 
sensitivity of the average ht.rnan eye. The 
ultraviolet region, useful in field spectroscopy 
as a fluorosensor range, extends from 250 nm to 
380 nm. 
The infrared range extends froM 720 nm to 
thousands of micrometers. The region of 
principal biological interest, especially for 
field spectroscopy, is between 720 nm and 2.4um. 
Radiant energy is characterized quantitatively 
by wavelength ( xcm ) or frecwency ( vHz) , and 
exrressed as: 
c=v>.,orx=c/v, {1) 
where c = velocity of electromagnetic 
waves~~. 
2.998 x lQ IU em/sec; 
In addition to wavelength and frenuency, 
radiant energy may be characterized by the 
ener9y of its sma llest element, c the 
quantum, or photon and is expressed as: 
c =h v =hc/ A (2) 
Equatio n 2 indicates that the photon 
energy is proportional to frequency and 
inversely proportional to wavelength, and 
expresses the enern.y of one molecule. A more 
practical unit introduced is the Einstein 
(E): 
E = Nhc/> ( 3) 
where N = 6.02.1023 molecules/gram-molecule. 
Equation 3 indicates that the ntm~ber of 
molecules photochemically activated must equal 
the number of photons absorbed. The quanttrn or 
photon yield ( <!I ) provided by the radiant energy 
is calculated from l 47 1: 
(4) 
where Nm = the number of molecules 
reacting and 
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~lq = the nllllher of quanta 
absorbed 
Growing plants or pl ant materials are 
composed of carbohydrates, fats, protein, etc. 
with each having various rJuantum yields at 
various wavelengths l l,l4,17,56 l. The 
reflectance of the leaves of a plant is related 
to its cellular structure. Therefore, its ab-
sorption, reflection and transmission (optical) 
properties can be interpreted for various plant 
stresses, growth stage and maturity detection. 
Relationship Between Reflectance and Leaf 
tructure 
Plants depend upon radiant energy to carry 
~~o~:~~~~l~i1:s i ~h=n~e~ih~~ ~h~~ !~~ onct~e 
primary photosynthesizin!) organ as they interact 
with electromagnetic radiation. The optical 
characteristics of leaves (transmission , 
absorbance , reflectance, refraction, scatter) 
are a function of the wavelength of the incident 
eneroy . 
. Figure 1 shows micrographs (Dr. Gausman, USDA, 
personal communication) of va ri ous transactions of 
corn, wheat, cotton and avocado leaves. 
1 ea ve!h~ s 1 !;~~~~ ~~: I yg, ~~:~§~1o ~5g~~g: ~8 \ of 
and as Figure 1 indicates, it depends on the 
:~~; ~~1 i~~a ~ e~~~~s ~~ c~a ~~Pl~~ l~~ I f~~ the 
0.2 mm. Generally, the reflectance increases 
as the thickness of the leaves increases. A 
thin leaf transmits a larger amount of the 
incirlent energy than a thick leaf. 
The reflectance spectra of leave s over 
the 300 nm to 2500 nm are divided into three 
wavelength bands. The visible wavelength 
(380-720 nm) is highly absorberl by plant 
pigments especially chl orophy ll s and 
carotenoids present in chlorop lasts which are 
integral parts of pa li sade cells. The mesophyll 
scatters the near infrared and affects the 750-
1350nm wavelength band, whereas the 1350-2500 nm 
band is affected by the concentration and distri-
bution of the leaf water content . Later on, the 
spectra of lettuce and wheat cultivars are shown, 
which indicate a strong water absorption band at 
1450 nm. The wheat spectra also indicate that 
maturity greatly affects the reflectance of the 
leaves, because more mature plants demonstrate 
higher infrared reflectance, this is related to 
structural changes in the leaves as indicated in 
the micrographs (Fig. 1). 
Meas urernent 
The food production chain starts by 
cultivating the soil, in which the crops for 
food grow. For he a 1 thy crop product i on , the 
minera l , moisture and nutrient content of the 
soil are of great importance and can be 
ana l yzed with f i e l d spectroscopy techniques . 
For mineral content in soil the line depth 
(FLO) measurement of the Fraunhafer lines (FL) 
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Fi qure 1. Transections of leaves; a, wheat 
· culti var Penjane (S stomata); b, wheat 
cultivar Mi lam (M mesorhi 11); c, corn 
seec11 i ng (M Mesophi 11); d, mature corn 
(D dorsal side); e, cotton seedling; f, 
mature cotton (P palisade cells); g, 
young avocado; h, mature avocado. 
(courtesy of Dr. H.W. Gaus~an, U. S.D.A. l 
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were used successfully[46,57,58). Th i s 
techniqt.e indi rectly measures the soil mineral 
content by meas uring the growing plants. 
Fraunhofer li nes are sharp dark li nes in 
the sol ar spectrum caused by t he sel ective 
absorption of light by gases in the upper part 
5166 
---- SUN JUNE. 30176 
·· · SOIL JULY 5 176 
- OATS JULY5/ 76 
Figure 2. Fraunhofer lines appear on spectra 
curves of sun, soil, and oat crops. 
Hydrogen (H) lines; C,F, h; Oxygen 
(02) lines a and 6 ; sodium (tla) 
lines 01; Iron {Fe) li nes d , e and 
G, L, M, tl; Magnesil.IT1 {Mg) line b; 
calci"" (Ca) line K. 
of the solar atmosphere. Line widths range 
from 0.01 nm to several tenths of a nanometer 
and are most numerous in the uv, visible and 
near-ir regions of the electromagnet i c 
spectrum. Line depth measurement of the 
Fraunhofer lines involves observing a selected 
FL from the solar incident radiation and 
measuring the ratio of the central intensity of 
the line to a def i nable point on the cont inuum 
a few tenths of a nanometer distant. The solar 
ratio i s then compared with that observed from 
a conjugate spectrLITl of the experimental 
~ater~al or crop. Both ratios are normally 
1dent1cal, however, l lJTl i nescence (L) is 
indica ted where the materia 1 ratio exceeds that 
of the solar ratio. 
The 1 umi ne scence component is given by 132,4 8 J: 
Fig . 3 
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L = (c - a·d/b)/(b - a) (5) 
where: 
]
observed 
a is the central line intensity FL directly 
b is the nearby component of the from the 
continull11 level reference 
cis the central-line intensity ]from the 
at the same FL, and plate 
d is the nearby component of the or crop 
continul«Tl intensity soil 
In 1973, Watson et al. (571 demonstrated 
that 1 uminescence is an indicator of geochemical 
stress produced hy metal toxicity. Fraunhofer 
line depths were obtained from a· helicopter and 
an aircraft to measure the 1LIT1inescence of 
strPssed and nonstressed trees both on a 
diurnal and seasonal basis. Piascyk [45 1 
dis~ us sed the feas ibi 1 ity of performing 
llJmnescence measurements from a spacecraft with 
an FLO imaging system. 
Strong FL 's {Figure 2) appear in soils and 
crop measureflle nts at 589. 5 nm and 588.9 nm (Na) 
which are sodium lines, iron (Fe) lines show up 
at 526.5, 516.8, 516. 7, 495. 7, 438.3 and 430.7 nm. 
Magnesit.rn (Mg) lines appear at 516.3, 517.2 and 
516.7 nm and calcitfTI {Ca) lines appear at 430.7, 
422.6, 396.84 and 393.6 nm. FLO can be measured 
with a high resolution spectroradiometer which 
measures the incoming and reflected radiant 
energies simultaneously, and can be re la ted to 
iron or magnesium deficiencies on crops. 
Laser fjuorescence techni(lues are al so 
usedr6 , 36,37 , to determine soi l types or 
characteris ti c differences among soils. Using a 
20 mWatt Cd tJe laser in which energy is focused 
by a l ens system on to the slit input of a 
monochromator, soil was made to f luoresce at a 
wavelength and energy l eve l usually not 
attainable with a conventional filtered light 
source. Us ing this fluorosensor, so il materials 
such as c lay, chlorites and sands exhibited 
pronounced f1 uorescence over a range of 300 to 
Figure 3 . Schemat ic d i a~rarn of a 
spectroradi ometer. 
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Fi gure 4. Morphology of lettuce l eaf surface 
a . Surface cove red with both capitate-
sta lked glandu lar trichomes (G) and 
septate trichomes . b. Surface relativel y 
free of tri chomes . 
660 nm . Several c l early discernible peaks 
occurred within th i s range, particularly between 
384 and 454 nm. Kaol inite, montmorillonite, 
Ot tawa washed sand , Fe-rich chlor ite and two 
so il s (Up l ands LS and St. Rosalie HC) had 
response peaks at 384 and 396 nm, whereas 
glassbeads (29 ~~m) and ~1g-rich chlorite showed 
littl e response. Both groups exh ibited similar 
peaks at 403, 40 8 nm , 430 and 438 nm. Overa ll 
fluorescence y i el d was higher with decreased 
gra in s iz e. Us ing chemi cally similar crystaline 
materials (Mg-rich and Fe-rich chlorHes) 
serarate<l into several gra in- s ized fracti ons, 
th e yie ld of fluorescence was in the following 
order: I under 2uml > I 5 to 20 urn) >I 50 t o 100 um l 
grain sizes. 
Overall intensity wa s considerabl y higher 
for all gra i n- sized fractions of Mg-rich 
chlorite than for Fe -ri ch chlorite. Increase in 
clay concent rat i on ( ) 2 \.lm clay) above lO'.t raised 
fluorescence yield . However. in materia l s of 
over 63'.t sand, smal l amounts of c l ay (dO'.t ) 
appeared to produce a higher yield than expec t ed 
from the regression e11uat i ons for relati on of 
fluorescent y i e l d and clay content. The results 
show that gran ul ar materia l s associated with 
soi 1 s ex hi bit me as urabl e f1 uorescent spectra 
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which may affec t spec tra obtained from laser-
fl uorosens i ng of airborne remote sens i n9 missions 
over open vegetated and non-vegetated areas. 
To use fie l d spectroscopic techniq~.~es for 
crop measurements. it must be recognized t hat 
during the growing sea son. the reflected energy 
from a field varies with changing crop cover, 
rate of plant development, concentration of 
plant pigments and degree of water stress . The 
spectral characteristics are influenced greatly 
by phy s iological and biochemical changes in the 
plants. 
Va riou s spectroradiometers used to measure 
plant opt i cal characteristics and the r es ults ob-
tained from them, have been reported in the 1 it-
erature[20,31,33,50]. At Engineering and Sta ti s -
tical Researc h Institute laboratories, severa l 
app li cation oriented spectroradiometers have been 
deve 1 oped [ 34- 36]. The bas i c concept of a spec tro-
radiometer is indicated in Figure 3, where the 
reflected radiance N>, from the plant into the 
spectroradiometer is gi ven by: 
N>. (Watt.cm- 1• \.1 - 1. sterradi an~ 1) 
(6) 
The irradiance E>, from t he sun falls on the plant 
at an ang l e of as and the radiance from the plants 
is co ll ected by a Schmid t-Cassegrain telescope via 
a flat folding mirror M with 4 degrees of freedom. 
The detector {D) converts the r ad i ance into e lec -
tric al s i gnals, which are measured by a photon 
quantum meter or lock-in ampl ifier, displayed on 
a recorder (R), and recorded by a pape r tape punch 
for compu t e r processing. The monoc hromator ca n be 
rep~aced by interference filters, t he telescope by 
vanous lens arra ngements. The detector ca n be a 
photomult i plier or sil i con detector for the visi-
ble spectrum, and lead sulphi de (PbS) , lead 
sel enide (PbSe), gallium arsenide (GaAs) or 
indit..ffl antimonide (InSb) for the infrared 
spectrun. Each spectroradiometer is constructed 
to suit its application . 
Lettuce Mat urity Detection: Two kinds of 
expen ments have been tn ed t o detect 1 ettuce 
mat ur ity : opt ical, a1d la ser fluorescence 
spectroscopy l8, 12,44 . The objective of 
the se experiments was to determine the 
corre lation between lettuce reflection or 
f1 uorescence and its stage of maturity. 
Anatomical studies with a scann ing e l ec tron 
microscope showed that the s urfa ces of young 
head leaves were covered initially with capitated-
sta l ked glandu lar tri chomes (F i g. 4a) which at 
1 ater stages were broken and appeared as septate 
trichomes. At maturity the surface of the leaf 
appeared free of tri chomes (F i g. 4b). 
Cros s sections of the first head l ea f for 
all four c ultivars showed a rather dense and 
unifonn cell arrangement (Fig. 5). Well 
defined, spongy and pa li sade ti ssues were 
apparent only in the exteri or l eaves and 
coty l edons (Fig. 6). In the young (44-day-o l d) 
heads the cells were c losely packed with few, 
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sma 1 1 i nterce 11 ul a r spaces (Fig. 7, micrographs 
a and b). 1 n the ma ture heads the nllllber and 
val t.me of the intercellular spaces , especia ll y 
those ifi'!Mediately below the epidermis were 
l arger (Fig. 7, micrographs c and d). As a 
consequence of cell enlargement, the subcellular 
or gane ll es, espec ially chloroplasts , were more 
dispersed in old than in young tissues. 
The absence or presence of tri chomes on the 
l eaf surface (or anatomical structure of the 
l eaf) may ca use variation of reflectance, 
ce llular enlargement may have a twofold 
consequence , a change in light: 1) scatter ing; 
2 ) reflection . 
Field expe riments were conducted with the 
spec troradiometers housed in a mobile labora tory, 
The incoming radiant energy (vertical s i ght ing) 
falling on the lettuce was measured and at each 
wavel ength po int the reflected energy (oblique 
Measuremen t ) was normalized by dividing it by 
the incoming energy to eliminate cl oud effec t s . 
Vi s i ble and infrared incoming and reflected 
spec tral c urves of l ettuce are s hown for 41 days 
after planting (Fig. Sal and the spectr al curves 
of t he same pl ot, a t 61 days after planting 
(Fig. 8b). Wh ile the incoming radiant energy 
did no t differ greatly, the reflected energy in 
the visible as well as in the inf rared 
wavelength range showed a marked difference 
between the two dates whi ch is due t o ce ll 
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structura l changes. Plant leaves reflect 
inc i dent r ad ia tion due to its pigmented ce ll s 
conta ini ng water solutions . As indi ca t ed in 
Figure Sa , the UV blue and red reflectance are 
l ow and the green high, rlue to ch l orophy ll 
con t en t. The water abso r ption ba nds (Figure Sa, 
Bb) at 900 , 1100 and 1450 nm are due to liq ui d 
water in the leaf. The spectral c urves we re 
taken at approximate ly the same time of day 
(11:32 vs 11:13 hours). 
Experiments using field spec tro scopy 
techniques were conducted on various grain crops 
(wheat, barley, oat, corn, soybea n) to determine 
agronomic conditions from their spec tral 
(opti ca 1) properties I 7, 9 ,31 ,38, 39 ,49,54 J. 
The experimental set up and 
instrumentation wa s similar to those used i n 
the lettuce matur ity measurements. The 
spec tral data coll ection and analys i s done in 
1976 is presented where spectra l da ta were 
collected from experimental field plo t s of 
var i ous crops and varieties. The c ro p 
spectra ~t1ere obta i ned at wavelengths from 350 
to 1840 nm with a spectroradi ometer havi ng a 
grati ng resoluti on in the order of 0. 1 nm. 
The data were recorded and digitized onto 
magnet i c tape for computer process ing at a 
reduced accuracy of 1 nm. Ca li bration was 
performed regularly by measurinq the incident 
solar intensity and checking for the 
Figu re 5. (to the left). 
Cross - section view of the f irst 
head l eaves of different lettuce 
cultivars at the same stage of 
maturity . a. Evergreen; b . Ful-
ton; c . Great Lakes; d. Ithaca . 
No def i ned palisade or spongy 
mesophy11 cells are apparent. 
Figure 6 (facing page - top) . 
Cross-sectiona l view of the 
cotyledon and leaves of lettuce 
(cv. Fulton) at the sixth -l eaf 
stage . a. Cotyledon; b. Sixth 
leaf ; c-:- Fifth leaf; d. Fourth 
leaf; e. Th i rd leaf; T. Second 
l eaf; 9::- First l eaf . - Palisade 
(P) and spongy mesophy ll (S) 
cells are apparent in the 
cotyledon and l eaves up to the 
fourth leaf. 
Fi gure 7 (faci ng page - bottom). 
Cr oss-section vi ew of the first 
head leaf of two lettuce 
cultivars. a,c. Ithaca and 
Great Lakes,44- day-old plants . 
b,d. Ithaca and Great l akes , 
63-"day- old plants . Compac tness 
of lea f structure decreases 
with maturity and chloroplasts 
are more di spersed in older 
leaves (b,d) . Arrow indicates 
airspace between cells . 
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stability of the measuring system. Preceding 
the measurement of the crop spectra , 
reflected radiation \<IdS obta i ned from a Kodak 
standard gray card for the visible region and 
from an aluminun plate for the near infrarerl 
region. Correction for the viewing geor.~etry 
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and atmospher i c conditions were app l ied using 
atmospheric models . By averag in g the 600 
spectra according to seeding dates (0 1 , 0 2 ) in two different replicates, the complexity 
in the interpretation was min i mized. An 
error le ss than 20 '.t was estimated near the 
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750 nm region but it was l ess than 5~ within 
the spectral regions of 350-750 and 750-
1840 nm . 
Principal-component analysis wa s 
conducted to obtain information at 10 nm 
band-widths which would be independent of 
da ily standardizati on and atmospheric 
variations. The computati ons were !'lone for 
all 10 nm bands-wi dths from 350 to 1840 nm 
(150 10 nm bands) using 35 spectra available 
from the crops and cultivars within the 
period from early August to late September, 
1976. The analysis was based on the 
determination of the covariance !"latrix that 
was.ca l culated from the crop spectra. As a 
measure of the amount of information within a 
specific band, the var iance of the 
reflectances of a nlJr.lber of spectra was 
computed. There were six to e i ght spectra 
available for each of the crops cover ing the 
growth stages V (early heading) to X (ripe). 
Crops seeded May 27 , 1976 (0 1 ) were more 
advanced in their growth stages than those 
seeded June 23, 1976 {D); thus, there was 
overlap in growth stages for part of the 
per iod . The analyses for the 0 1 and Dz crops 
were carried out sepa ratel y. 
Certain spectral bands may be 
differently absorbed and reflected by certain 
crops features . for example, near the growth 
stages V to Vl, the chlorophyl of green 
plants absorbs rerl radiation (640 to 690 nm) 
but turgid leaves greatly reflect the near-
infrared (e.g. near 740 nm). Later both 
bands may reflect similarly. Th us, certa in 
pairs of bands, having a negative correlation, 
may be more useful for discr i minating c r ops 
and separating crop features than individual 
bands. 
The changes in the reflectance spectra 
for wheat (cult. ~Jeepawa) over the infrared 
spectral range of 750 to 1840 nm are shown for 
four growth sta9es from the boot stage to fu11 
maturity (figure 9). The spect r al bands of 
water absoption are clea rly shown by the 
min i r.1a near 950, 1150 and 1450 nm . The 
absorption bands near 950 and 1150 n~ regions 
disappear as the maturity of the wheat plant 
reaches the 9rowth stage X. 
for each cultivar , the spectral values at 
each nm interval were averaged for the 
different measuring dates. The standard 
deviations of the periodic measurements were 
ca l culated and coefficient of variation (CV) 
was obtained and plotted. 
I 7) 
o = the standard deviations 
~ = the average spectral value for each 
1 nm bandwidth 
Figure lOa shows that the soil has a 
smoother spec trLrn than the sod except in the 
water absorption regions . The CV of sod 
varies mainly in the 450-700 nm r eg i on which 
corresponds to chlorophyll and carotenoids 
whereas the CV of soil lies in the 1350-1600 nm 
region due to moisture. 
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The CV varied among the wheat cul t i vars 
throughout the entire spectrum (Figure lOb). 
Among the wheat varieties (Sinton, Neepawa, 
Hercules, and f\a r~u i s SR6), Sinton (02) had 
the largest CV (60 percent) while 1\arquis SR6 
(01) had the smallest (15 percent to 20 
percent). The genera l pattern of the CV 
throughout the spectral range 350 to 1850 nm 
was somewhat similar. Larqe CV ' s occurred 
near 500 to 550 nm, 650 to . JUO nm, and 1250 to 
1350 nm, which correspond physi ologically to 
the wavelength regions of minimal radiation 
absorpt ion by plants, chlorophyll and plant 
water , respectively . Among the barley 
cultiva rs (Figure JOel Fergus (Dll showed the 
maximllll CV of 45 percent and Conquest (02) the 
lowest CV of 10 percent. The pattern for Fergus 
was distinctly different from the others , having 
a n~ber of broad plateaus with low indenta tions 
near 750, g25 , 1125 and 1350 nm. Among the oat 
varieties (Figure lOd) Garry showed a high CV, 
)40 percent , part iularl y in the range of 550 to 
650 nm, whereas Terra (01) was low, <AO percent. 
It is worthwhil e to note that the diseased Garry 
variety had a markedly larger CV than the healthy 
variety. This technique indicates that with field 
spectroscopy the identification of crop variety , 
cultiva r within a crop and crop maturity is 
possible. It also indica tes that a diseased 
(stressed) crop can be detected. 
Protein and moisture analysis on ground gra in 
products have been established [5, 40]. and conm-
ercia l laboratory prote in moisture ana lyzers of 
grain products are ava ilable. However, little is 
reported in the scientific literature on prote in 
analysis of standing grain crops. ln 1980 and 
1981, protein measurements on standing crops were 
attempted [3] with f ield spec troscopic techniques. 
In this experiment, absolute relationships between 
reflectance and grain protein content was not con -
clusively acheived but a number of important points 
were noted. 
1 ) The highest correlat ion between near infrared 
reflectance and protein content was at the 2 . 07 
to 2.11 fJffi wavelength band, with a secondary ab-
sorption band at 2 .1 5 to 2.17 urn. 2) The rela-
tionship between nea r infrared reflectance and 
prote in content was fo und to be negative, that is, 
the protein content increased as the reflectance 
of the plant decreased. 3) The growth stages 
from the beginning of heading to ma t urity yielded 
better results than the earlier preheading stages. 
4) The growth stage which yie l ded the best results 
was growth stage 6 (beginn i ng to head) where the 
correlation coefficient for the regression of pro-
tein content on reflectance was equal to -0.72 at 
2 .11 urn (Table 1). 5) The correlation between 
reflectance and protein content was not high enough 
to develop a model for predicting protein content 
on the basis of near infrared reflectance. 
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Figure 8. Visible and infrared spectral 
di stribution of incoming and reflected 
rad i ati on energies from lettuce: a) 41 
days after pl ant ing; b) 61 days after 
planting. Incoming energy scale 1s 
multiplierl by 100. 
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F i gure 10. Coefficient of variation of the 
spec tral values for sel ccted crops and 
so i 1 around the mean value for each 1.0 
nm bandwidth. 
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Figure 9. keflectance spectra of a wheat 
cult ivar (normalized infra-red) from 750 
to 1840 nm at four growth stages from 
early heading to ma t urity. 
Table l. 
Growth 
stage 
7.5 
TABLE 2. 
Variety 
Barley 
Oat 
Rye 
Wheat 
Ba rley 
Oat 
Rye 
Barley 
Oat 
Triticale 
Wheat 
Oat 
Wheat 
Oat 
Rye 
Trit i cale 
Barley 
Oat 
Rye 
SlJ1111ari zed res ults of the 
analyt i cal procedure of 
correl ation between protei n content 
and wavelength ba nd for all of the 
growth stages of hard red spring 
wheat, Triticum aestiuum L., CV . 
tJeepawa-.--- ----
Wave length band of 
highest correlation 
{ JJm) 
2 . 34 2.36 
2.23 - 2.25 
2 .08 - 2.11 
2.06 - 2.09 
2.15 - 2.17 
2.06 - 2.08 
2.00 - 2.02 
Highest 
correlation 
val t.e I rl 
-0.40 
-0.22 
-0 . 72 
-0.44 
-0.42 
-0.42 
-0.50 
Holographic identification of 
variety of species (B,O,R,T,W) 
between species (nc, OL, OS ... ) and 
age (0, 1, 21 by the value of s l ope 
angle· "a" 
~J l.l11ber 
of Fringes 
(BVOI 25.82 
lOCO) 19.98 
(RSOI 38.65 
IWFOI 36 . 86 
(BHOI 53.13 
(OLO) 25.01 
(RPOI 26.56 
(BH1) 38.33 
(0511 30.35 
(TS1) 26 . 56 
(Wf 1) 42.27 
(OF 1) 56.30 
(\JR1) 22 . 38 
(OC2) 53 . 74 
(RS2) 45.00 
(TS2) 20.55 
(BHOI 21.80 
IOLOI 27.89 
(RPOI 30.96 
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Further research is ongoing to refine 
the technique of measuring protein, also 
mo i sture and fat in standing crops during 
their growth . 
In breeding experiments, it is useful to 
monitor the growth of plants and the rates of 
the growth of the plant which occur in 
response to applied stimuli or changes in the 
environment. 
Fox and Puffer [26 [ reported in 
1976 on a hal agraphic method to measure 
motions in (llatt,Jre plants. Briers in 1973 [ 15 ] 
and in 1976 1161 discussed a holographic 
technique to '1' i sua lize pl ant growth. Brach 
and Fejerl10 I discussed in 1900, the 
merits of hal agraphic interferoMetry to 
measure changes in the morphology of various 
cereal crops. 
A fast and reliable method for the 
determ i nation of differences in the 
morphology of plant species , and between 
cultivars of the same species at different 
ages , would be welcomed by plant sc ientists. 
Figure 11 presents reconstructed 
holograms of plant leaves which are 
characterized by the shape and slope of the 
fringes, the distance between fringes and the 
number of veins in the ho l ogram. The 
measurement of the slope angle "a" is 
indicated by the inset drawings of Figure 
11. 
The nllllber of fringes in the holograr:1 i s 
determinerl by the setting of the subject lens 
or it s magnification factor. Therefore , one 
must always compare holograms with the same 
number of fringes. Larger numbers of fringes 
shown in the hologram indicate a larger cross 
section of plant leaf. Figure 11 as well as 
Table 2, indicates that in any age groL..p and 
with the same number of fringes, species can be 
identified by the slope angle a. 
Plant C02 Uptake as a Measure of Crop Growth: 
Unde r the influence of 1 i ght energy, 
plants perfonn the overall reaction: 
nh v 
6 C0 2 + 6 H20 + C 0 H 1 ~0b + 6 0£ 
;:~~~a ~~H ~t~tan~~d~ f~~d~~~~~~Ye~:~e t~~ 
171 
pl ant is stimulated by the photon hv, it 
converts CO~ using available HzO to organic 
matter (CbH 1206 ) and oxy~en 02 . The carbon C content Cc ot C6H1206 1s : 
c = _c_b __ = 72.066 = 39.79 =40~ 
c cbH 1 zOb 72.066+12 . 084+95 .94 
~:~b~~t~~:of the molecular weight of co~ to 
(COzl 
c + o z 12.0 ll + 31. 998 
3.6 
12.011 
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Figure 11. Reconstructed holograms of: a) 
young oat leaf variety C. ! . 4492; b) old 
oat leaf variety Foothill; c) triticale 
leaf variety Rosener; d) old barley leaf 
variety Betzes. 
Teo , = w.cc.1co21c 
where W is the growth rate of the p 1 ant g0~1/ day 
Or\ = dry matter 
If W = 100 gDM m- 2 day- 1 then, 
Tc 0 2 :_ 100 x D·4x 3·6 146·56 9 C0 2 m-2 day- I 
By measuring the assimilation of COz by 
a crop, one can then measure its rate of 
growth and measure its retardation dt.e to 
environmental stresses. For that purpose, an 
open path C0 2 analyzer was developed[ll]. The analyzer is based on the differential 
infrared absorption by C0 2 at 3·7 and 4·3 \.lm over a 1.5 m measuring path. It 
measures the C0 2 concentration with 0.3 ppm 
sensitivity by vo l lJTle with a time constant of 
0.075 s . The normal operating range is between 
240 to 400 ppm. The concentration CO z in the 
atmosphere is 330 ppm, therefore measuring the 
difference in CO~ concentration between the air 
moving upward and downward above a crop 
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canopy , estimates the COz assimilated by the 
crop. Desja rdins et al. l 24 I mounted this 
analyzer on an aircraft and measured the 
exchange of COz above a cornfiel d, a f ores t 
and a l ake at midday . Rereated t es t fli ah t s 
o.ver these ecosystems were conducted. Mean 
COz absorption values obtained frOM these 
measurements were 3400, 1200 , and 100 mg 
m- Zhour- 1 for corn, forest and water, 
respectively (Table 3). 
The C0 2 analyzer was also adapted to 
control the C0 2 content in plant growth rooms 
and greenhouses . Horticultural and ornamental 
crops grow faster with a greater yield at a 
high COz content in the atmosphere (000 -1 800 
ppm) thus shortening the period for producing 
the crops and increasing the productivity. 
The open path of the COz analyzer "r-tas reduced 
to 50 em, s ince there is no need for more than 
a 10 ppm sensitivity. A digital controller 
was added to regulate the COz supply into the 
greenhouse. If too much C0 2 is in the roor.t (e.g. in the early morning, due to COz release 
by the crop) the controll er opens inlets 
admitting fresh air. The required upper and 
lower limits can be preset on the analyzer. 
Adapt i ng the analyzer to monitor and 
control the COz content of atl'lospherically 
control led storage for apples is underway . 
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TABLE 3. Carbon dioxide and heat flux 
densities for passes over 
corn, forest, and water around 
midday on Auqust 28, 1900. 
Altitude co, flux Heat flux 
density density 
(m) {mg.m- 2.h- 1 x lQZ) (w . m- ' l 
Corn 
23 -14 14 
24 -34 42 
25 -3 5 70 
33 - 36 70 
33 -4 7 84 
35 -36 63 
Average -34 57 
Forest 
33 - 8 56 
34 -10 28 
47 -12 42 
48 -11 42 
60 -14 42 
61 -1 B 56 
Average -12 44 
Water 
28 3 21 
29 -4 14 
31 -3 28 
Average -1 21 
Conclusion 
Field spectroscopy and its usefulness to 
research and production in the agricultural 
industry was presented. The technology of 
f i eld spectroscopy and its application is 
relatively new and therefore not fully 
explored. As more researchers in agricultural 
research and production get acquainted with 
the technology, additional applications will 
be di scovered, besides detecting stress in 
plants, identifying varieties, measuring 
protein and estimating bi amass. Cone urrently, 
the potential for developing equipment i s 
being enhanced by rapid developments and cost 
reductions in computer technology. 
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Discussion with Reviewe r s 
Rev iewer I I I: The techniques as discussed in the 
paper may be re 1 a ted to mi cros true tura 1 componen ts of 
food or plant related systems, but the exact rela-
tions hips and interrelationships are not made 
pa r all e l to one another in terms of macroscopic or 
macrostructura l versus microscop i c or microstruc -
tural parts of the systems being eva l uated. The 
techniques at best measure overall protein, fat, 
moisture , etc. and are not specific ana lysis (even 
at specified wavelengths). Please comment. 
Are plants being treated as optical sys t ems 
or as objects contain in g atoms and molecules of 
specifi c types that interact with radiation of 
specific wave l engths, therefore, characterized by 
the vibrational spectra l transitions and atomi c 
electronic spectral transitions? 
Do you believe the mo lecul ar and atomic 
spectr al differences are averaged measurements of 
a grea t number of different (but perhaps related 
molecules) which absorb, emit and reflect r ad i a-
tion at specific wavelength positions? 
Author: I agree with your corflllent, but in field 
spectroscopy we don 't intend to study the spec i fic 
at om and molecule of the standing crop, we rather 
observe the spec tra 1 changes on the surface of the 
leaves caused by molecular changes within the 
plants . 
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Revie\'ler IV: If "the visible wavelength (380-720 
nm) 1s highly absorbed by plant pi gments ... " then 
they would probabl y be bl ack and not green. Fi g. 
8 shows high 90% reflectance at 550 nm! Please 
COlflllent. 
Author: Figure 8a and 8b are indicating relative 
va lues of reflectance , and not abso lute values. 
A young pla nt with a high ch l orophyll content will 
highly absorb in the blue and red wavelength bands 
but 1 ess in the green, giving to the eye a green 
perception. 
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Abstract 
Light and electron microscopy have been used 
to study the structure of fresh coconut endo-
sperm tissue and the changes which have occurred 
when this has been processed to the desiccated 
form. In fresh tissue, a marked gradation of cell 
size , shape and contents exists between inner and 
outer endosperm regions. Adjacent to the brown 
testa, cells are rigid, compact and l i pid-fi ~led 
while those cells lining the central water-f1lled 
cavity have thin, easily deformed cell walls and 
contain little lipid . Desiccated coconut be ing 
derived from fresh tissue, is similar in 
morphology but moisture is reduced from 50% to 
2- 3%. During the cutting and disintegration 
stages of the process, a fatty "rind" develops 
around individual particles and tissue damage 
may occur . 
A comparison has been made of a range of 
desiccated coconut samples from Sri Lanka and 
the Philippines. Variation in structural 
characteristics appears to corre l ate with known 
differences in processing that exist between the 
two countries. Significant factors relate to 
part icle size, shape, colour and tissue damage . 
In the subsequent manufacture of products, such 
factors could clearly lead to differences in 
processing behaviour such that for a given 
recire, products may be formed which vary in both 
texture and taste. 
Initial paper received February 2 , 1983. 
Final manuscript received April 18, 1983. 
Direct inquiries to J.F. Heathcock. 
Telephone number: (0734) 868 541. 
KEY WORDS: Cocos nucifera L., desiccated 
coconut, polar1sed~sectioning, 
transmission electron microscopy, sca nnin g 
e lectron microscopy, lipid. 
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Introduction 
Coconuts are the fru it of the palm, 
Cocos nucifera L. It is the most economically 
1mportant member of the Palmae and is grown over 
a wide geographical area. Practically all parts 
of the plant are considered important and the 
products of the fruit alone range from coir or 
husk used i n matting, to the dried meat or copra 
as a source of coconut oil. The fresh white 
meat or endosperm is probably the most important 
constituent as a foodstuff and in the desiccated 
form is used widely in the bakery and 
confectionery industries. Prior to desiccation, 
the meat may be cut into many forms including 
flakes, shreds and chips . Each of these cuts 
can be significant in imparting optimum texture 
to a final product. They may also be used as a 
bu l king agent or simply for decorative purposes. 
Most widely known in the confectionery 
industry is a "medium" cut or grade of desiccated 
coconut and this is considered to give the 
desired eating properties to products both in. 
terms of particle size and shape. Understand1ng 
the structural basis and the extent of such 
variation is important in assessing the use of 
desiccated coconut as a raw material . Sri Lanka 
and the Philippines represent two of the major 
sources of comme rcial , desiccated coconut used 
today. The coconut operation in these countries 
was observed from harvest through to the packed, 
desiccated form and a range of desiccated 
coconut sampl es was collected at source for 
subsequent mic roscopy examination . 
The distribution of the major constituents 
of coconut meat has been examined by Sabularse 
(1970), and Vaughan (1970) gave a brief general 
account of the structure of the whole fru1t 
including observations using the light 
microscope. Dieckert and Oieckert (1973a) 
carried out a specific study relating to the 
apparent effect of water stress on both seed and 
endosperm development in coconut and extended 
this to a study of changes in ultrastructure of 
the developing sol i d endosperm (Dieckert & 
Dieckert, 1973b). 
This paper describes the use of 1 ight and 
electron mic roscopy to examine fresh, fully 
matured coconut endo sperm tissue and uses this 
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information as a basis for studying the micro-
st ~uctu re of desiccated coconut and the changes 
wh1ch have occurred during its production. The 
st ructure of a range of desiccated coconut 
samp les is compared. 
Materials and Methoa s 
Samples of whole, fresh coconut were 
obtained from local sources after shipment from 
the Philippines. Desiccated coconut material was 
obtained directly from Sri Lanka and the 
Philippines and a total of eighteen samples was 
examined. These represented products from 
different processing mil l s within the two 
countries and included a range of s izes (or 
grades) of material. The majority of samples 
studied had been s upp 1 i ed as "med i urn" grade. 
Light Microscopy 
Cryosta t Sectioning Samp 1 es of fresh 
tissue were taken from various regions of the 
endosperm. Preliminary work showed that in order 
to achieve good sections of desiccated coconut 
samples , the material has first to be rehydrated. 
For all material, small samples (lmm2 - lcm 2 ) were 
supported in Tissue- Tek and frozen onto a 2cm 
aluminium support stub using 1 iquid nitrogen at 
-196 °C. The stub was placed in a Brights Open-
top cryostat and sectioned at 1 0-15~m with a 
freezing microtome at -25 °C. Sections were 
collected on chilled microscope s lides coated with 
a thin layer of glycerin albumen. 
Resin Embedding Small samples of material 
(2mm x 4mm) were f1Xed in 2% Pa l a de's osmium 
tetroxide (Palade, 1952) at pH 7.2 for up to 24 
hours. Material was dehydrated through a graded 
se ries of acetone solutions and finally 
infiltrated and embedded in low viscosity Spurr 
resin (Spurr, 1969). Embedded material was 
sect ioned using a Reichert-Jung U1tracut to a 
thickness of 2 ~m. Sections were collected on a 
brush and secured to a microscope s lide using a 
drop of distilled water. 
Light Microscopy Stains 
fol u1d1ne Blue toluidine blue was used as a 
general h1stolog1cat stain to study ce llular 
morphology. Slides were immersed in a 0.1 % 
aqueous sol ution of toluidine blue for 30 seconds. 
The sections were rinsed well with distilled 
water, mounted in a suitable aqueous mountant and 
covered with a glass cover slip. 
Sudan IV (Scarlet R) Sudan IV was used to 
stain llp1d 1n the spec1mens. A few drops of 1% 
Sudan IV in 70% ethanol were added to the 
sectioned material on microscope slides. A cover 
slip was placed over the stained material before 
irrmediate viewing using the light microscope . 
Transmission Electron Microscopy (TEM) 
Resin Sectioning Pieces of fresh and 
desi ccated coconut material (<2rrm2) were processed 
for TEM. Samples were fixed, dehydrated and 
embedded in Spurr resin as previously described. 
Sections, 50nm thick, were cut on the ultramicro-
tome and collected on uncoated copper grids . 
Sections were stained for 30 minutes in 1% 
uranyl acetate followed by three minutes in 
Reynolds lead citrate solution (Reynolds, 1963). 
Grids were carbon coated and examined using a 
JEOL l200EXB TEM operating at 80kV. 
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Scanning Electron M croscopy (SEM) 
Samples of des ccated coconut particles were 
examined after rout ne preparation procedures for 
SEM or by using low temperatures in both the 
preparation and examination steps . In the former, 
surface lipid was removed to avoid problems of 
instability under high vacuum or the electron 
beam. This was achieved by two extractions with 
a 2:1 mixture of chloroform/methanol. Material 
was then supported on conventional SEM stubs 
using an Emscope SP500A diode Sputter unit. 
Examination was carried out in the JSM 35CF SEM 
operating at 20kV. 
For examination at low temperatures, samples 
of material were first supported between two 
aluminium rivets and quick-frozen in 1 iquid 
nitrogen at -196 °C . Frozen material was trans-
ferred to a Hexland cold temperature preparation 
unit attached directly to a Philips 505 SEM. 
Cryo-fracturing and gold sputter coating were 
carried out in the unit under vacuum at -150 °C 
before direct transfer of the sample onto the 
cold stage of the SEM which was held at -l sooc. 
Inner endosperm 
Centra 1 endosoerm 
~'[\ri~~ ~m Q~6r M (' 
Outer endosperm j 
L. S . T. S . 
Fig. 1. Di agrammatic representation of fresh 
coconut tissue. L.S. - longitudina l section . 
T.S. - transverse section . 
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Fig. 2 . (a-c). Longitudinal section of fresh 
tissue viewed with transmitted 1 i9ht and 
representing inner (a) , middle (b) and outer (c) 
regions of the endosperm. Adjacent to the outer 
endosperm is the brown testa (t). Bar = 1001-Jm. 
Fig. 3. (a-c) . Same as 2 (a -c ) but viewed by 
crossed polars. Crystalline lipid (L) cell walls 
and associated lipid material appear birefringent. 
Bar = lOO~m. 
(Same magnification for a , b, c). 
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Results 
Fresh Coconut 
Figure 1 is a diagraiTillatic representation of 
fresh coconut . The white, fleshy, inner nut 
meat or endosperm is used directly as a foodstuff 
or is processed f urther to form desiccated 
coconut. The diagram illustrates the varying 
types of cells from different regions of the 
endosperm viewed in both longitudinal and trans-
verse section . The corresponding light micro-
graphs (Figures 2 a-c) in longitudinal section, 
illustrate this differencein cell size and shape 
across the endosperm. The presence of 
crystalli ne materia l in the same sections is 
demonstrated using crossed polars (Figure 3 a-c). 
The lipid material within the cells, cell walls 
and an associated lipid layer appear birefringent. 
These two sets of micrographs show a marked 
gradation of cell size, shape and contents 
between the inner and outer endosperm. Ce 11 s 
adjacent to the brown testa are rigid, compact 
and lipid filled, in contrast to those l ining 
the central water-filled cavity, where cells 
have thin, easily deformed wa l ls and show little 
evidence of crystalli ne lipid. 
The corresponding transmis sion electron 
micrographs confirm these findings. Figure 4 
(a-c) shows fresh endosperm and corresponds in 
origin to Figu re 3 a-c . Cells of the inner 
region are again seen to be thin-walled and 
almost void of contents (Figure 4a). In contrast, 
Figure 4c shows the intact and rigid nature of 
cells from the outer region and the smooth 
appearance of the cell wall s. The middle endo-
sperm as represented by Figure 4b s hows an 
intermed i ate stage with cells generally intact 
but the organisation of the cell contents 
beginning to disrupt. 
Desiccated Coconut 
The co lour of the desiccated coconut samples 
examined ranges from white, associated with 
material from the Philippines to a creamy, 
yellow colour common to Sri Lankan sampl es. 
The morphology of the individual particles 
is seen to be very similar to that of fresh 
tissue. Figure 5 represents a cryostat trans-
verse sec tion stained with to l uidine blue, used 
in this case to reveal general morphology. Cells 
appear as a regular, rigid honeycomb and 
correspond to the outer, more mature endosperm 
of fresh tissue . In contrast , Figure 6 shows 
material prepared in the same way but cells are 
seen to be misshapen and thin-walled, s imilar 
to those in the inner endosperm. 
All cell types found in fresh tissue are 
also found in desiccated coconut samples. 
The location of lipid materia l can be 
demonstrated with Sudan IV. The lipid stains a 
dense red /b rown colour and is present throughout 
the section (Figure 7a). The apparent difference 
in appearance of the stain between those cells at 
the edge of the part i c 1 es and those in the centre 
indicates a difference in the precise nature of 
the 1 ipid present. Viewing the same section 
using crossed polars, the peripheral 1 ipid i s 
seen to be birefri ngent and is assumed to be 
crysta ll ine (Fi gure 7b}. A consistent 
observation in a ll of the samples examined is the 
presence of an outer fatty "rind" around 
individual desiccated coconut particles(Figure Sa). 
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Fig. 4. (a -c) . Thin sections of inner (a), 
midd l e (b) and outer (c) regions of the endo -
sperm examined by TEM. Bar = S~m. 
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Fig. 5. Transverse section of desiccated coconut 
stained with toluidine blue. Arrangement of 
cells indi ca te s material has originated from the 
outer endosperm of fresh tissue. Bar = 501-Jm. 
7a 
Fig. 7a. Transverse section of desiccated 
coconut stained with Sudan IV . Lipid is apparent 
throughout the whole section. Bar = 5Q.Jm. 
The position of the rind corresponds to the outer 
1 ayer of damaged ce 11 s produced during the 
cutting/disintegration process of manufacture. 
Figure 8b is a scanning electron micrograph of 
frozen-fractured desiccated coconut and confirms 
this observation. Cell walls around the 
periphery of the particle are seen to be 
incomplete and are surrounded by an envelope of 
fatty material. 
The process of desiccation results in a 
drastic reduction in moisture content from 50% 
to 2-3%. Associated with this is considerab le 
shrinkage of the tissue. A comparison of 
desiccated and rehydrated material, indicates 
this is on the order of 50%. 
A comparison of the range of samples of 
desiccated coconut has shown that one of the 
striking differences between them is particle 
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Fig. 6. Transverse sect ion of desiccated coconut 
stained with toluidine blue. Arrangement of 
cells ind icates material has originated from the 
inner endosperm of fresh tissue. Bar = 50~-Jm. 
Fig. 7b . Same as Fig. 7a but section is viewed 
under crossed polars. Crystalline lipid appears 
birefringent and is restricted to the peripheral 
cell layers. Bar = 50~-Jm. 
size and although the particle size range is 
similar, the distribution of particles within the 
various classes is very different. 
Sri Lankan material (code Sl) (Figure 9a) 
has a fairly even particle size distribution 
within the range l-4mm wide and 1-1 Omm 1 ong, and 
fine material is virtually absent. In contrast, 
the extremes of particle size are clearly evident 
in Philippine material (code Pl) (Figure 9b), in 
particular a large proportion of fines (<lmm x 
lmm) are present. Figures lOa and bare examples 
of other grades of desiccated coconut, Philippine 
material termed "fancy shred" (Figure lOa) and a 
"coarse flake" (Figure lOb) from Sri Lanka 
represent the largest particle sizes of the 
samp l es examined , ranging up to a length of 40mm 
and l OOmm respectively. 
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Fig. Sa. Transverse section of desiccated 
coconut viewed with crossed polars . A crystalline 
fatty "rind" is present around the section and 
corresponds in origin to the outer layer of 
damaged cells . Bar = 501Jm. 
Fig. 8b . Scanning electron micrograph of 
desiccated coconut. Sample has been freeze-
fractured and examined at -180 °C. Outer 
peripheral cells are incomplete and a continuous 
outer lipid layer is apparent (L). Bar= lOIJm. 
The shape of particles also differs 
significant ly between samples . Scanning 
microscopy clearly distinguishes the two extremes 
of shape COITVTlonly found within the medium grade 
range of samples . Material from Sri Lanka (code 
52) has particles which are pa rticularly bl unt -
ended and with similar dimensions in both the long 
and short axes (Figure 11 ). In contrast, 
Ph ili ppine material (code P2) has particles which 
appear long and tapering and with an overall 
fibrous appearance (Figure 12). Other samples of 
medium grade material fit between these extremes 
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Fig . 9a. Medium grade desiccated coconut (Sl) 
from Sri Lanka. 
Fig. 9b. Medium grade desiccated coconut (P l ) 
from the Philipp ines. 
Fig. lOa. "Fancy shred" desiccated coconut from 
the Philippines . 
Fig . lOb . "Coarse flake" desiccated coconut from 
Sri lanka. 
although occasionally samples contain the two 
distinct populations of particle s hape within the 
same bulk. 
Light microscopy and SEM complement each 
other in showing the nature and extent of tissue 
damage wh i ch can arise during the cutting/ 
disintegration process. Scanning microscopy of a 
"tender flake" from the Philippines (Figure 13) 
shows an example of considerable surface damage 
to a particle and numerous fissures are read il y 
apparent. Examination of the edge of this 
partic l e, however, shows it to be no more than 
five cells th i ck. Fissures within suc h a sample 
may eventually result in its fracture . Fissures 
and tears in the tissue are also apparent in 
Figure 14 which represents a sample of medium 
grade material from Sri lanka. 
The Structure of Fresh and Desiccated Coconut 
Fig. 13. "Tender flake" sample from the 
Phi l ippines. Surface tissue damage (D) is 
apparent in the form of fissures. Examination of 
the edge of the flake (E) shows this to be no 
greater than five cells thick. Bar= 501Jm. 
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Fig. 11. SEM - medium grade desiccated coconut 
from Sri Lanka (52). Note the particulate nature 
of this materia l . Bar = 5001Jm . 
Fig. 12. SEM- medium grade desiccated coconut 
from the Philippines (P2). Particles appear 
fibrous in nature . Bar = 5001Jm . 
Fig. 14. SEM- medium grade sample from Sri 
Lanka. Surface f i ssures and tears (D) in the 
tissue are apparent. Bar = 5001Jm. 
Fig. 15. SEM- "Extra fancy shred" sampl e from 
the Philippines. Little surface damage is 
present. Bar = lOO~m . 
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Fig. 16. Desiccated coconut as in Figure 15 but 
sectioning for l ight microscopy reveals an 
internal fracture (F). Bar = l 001Jm. 
A Ph ilippine sample of "extra fancy shred" 
shows little surface damage when viewed by SEM 
{Figure 15), however, sectioning for the light 
microscope reveals a large internal fracture 
with a number of broken ce 11 s {Figure 16 ). 
Samples of desiccated coconut from Sri lanka in 
general show greater damage than the equivalent 
Philippine materia l . The presence of extensive 
surface damage is also seen to be associated 
with a particularly heavy fatty "rind". Figure 
17 is a scanni ng micrograph of a Sri Lankan 
sample (code 54) and shows extensive surface 
damage. This samp le has a generally "oily" 
appearance and feel, and light mi croscopy reveals 
a heavy rind simil a r to that shown in Figure Sa. 
Discuss ion 
The production of desiccated coconut from 
the fresh coconut t i ssue resu l ts in a series of 
changes which considerably alter the properties 
of the tissue . These changes occur as a result 
of the cutting/disintegration of the fresh, white 
endosperm combined with a drying stage taking the 
moisture con t en t down from 50% to around 2%. The 
natural variation in cell types that exists within 
fresh ti ssue is sti ll observed in individua l 
particles of des i ccated materia l. Other 
structural differences, however, are also 
apparent between the various sources of 
desiccated material. 
The coconut industry in Sri Lanka is based, 
at present, on a series of re l ative l y sma ll - scale 
operations each with differences in both standards 
and procedures. In contrast, the Philipp ine 
industry consists of on l y a few large sca le 
operations which together process up to ten times 
the total Sri La nkan vo lume and overall are more 
sophi st i cated and controlled. The type of 
variation between samples, as described during 
th i s study , s hows good correlation with t hese 
known differences in processing. In the 
Philippines, for instance, tissue is treated by 
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Fig. 17. SEM- medium grade sample from Sri 
lanka (54) showing extensive surface damag~ 
(arrows). Bar ~ 500~m. 
passing it through a hot water tank followed by a 
sulph ite-blanching/sterilisation bath, whe reas in 
Sri lanka a hot water tank on 1 y is used. Such 
diffe ren ces can readily explain the colour 
variation between samples. 
The work described above, has also s hown 
that pa rticle size and shape vary within and 
between samples. Both these properties wi 11 
directly influence the relative surface area of a 
particle. These factors could clearly lead to 
differences in processing behaviour when 
desiccated coconut is used as an ingredien: in 
the food industry, such that for a given recipe, 
products may be produced with differences in both 
texture and taste. 
The cutting/disintegration operation i s seen 
to result in an envelope of broken or damaged 
cells around individual coconut particles. The 
heat generated during cutting melts the li pid 
present in the tissue and this is 1 iberated from 
ce ll s. Blunt or badly maintained cutters will 
therefore result in extensive bruising leading to 
a particularly heavy "rind". Subsequent 
incorporation into a product may well lead to 
prob 1 ems when excessive free fat becomes 
dispersed . Another consequence of this free fat 
is the increased likelihood of rancidity in a 
product. 
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Discussion with Reviewers 
J.F. Chabot: What is in the cells of Fig. 4c, 
the transm1ssion electron micrograph? 
Authors : Fig. 4c shows what we consider to be a 
ceTT"Wlth re l atively intact contents including 
some l ipid, amorphous protein and a number of 
vacuoles, some containing crystalline protein. 
It is cuite l ikely that a l arge proportion of the 
unstai ned region may correspond to lipid which 
ha s been removed during processing for microscopy 
examination. Unfortunately coconut oil is 
composed of approximately 50% saturated fatty 
acids and these wi 11 not react readily with 
osmium and so be prone to extraction. 
J . G. Vaughan: Coconut endosperm contains protein 
reserves. Have the authors made observations 
on this material? 
Authors: Although no specific study was made, it 
was noted t hat both crystalline and amorphous 
material were present in the f resh endosperm, 
with crystallo i d protein, up to 30~m in size, 
being nore apparent in the middle and outer 
region s. 
J.F. Chabot: Why is there birefringent lipid in 
the cells of fresh tissue, but only the 
peripheral lipid is birefringent in the processOO 
t i ssue ? 
Authors: Although Fig. Sa shows only peri pheral 
crystalline l ip i d, the centres of individua l 
coconut part i c 1 es were a 1 so frequent 1 y observed 
to contain crystalline l ipid. The consistent 
observation however was of a continuous, 
birefringent "rind" present around the periphery 
of individual desiccated coconut particles. This 
89 
was true whether the material originated in the 
outer, central or inner endosperm. 
It is also quite likely that the liberated 
lipid has changed its form during heating and 
exposure to air resulting in a more stable 
crystalline state. 
J . W. Oieckert : Do you have any information 
concern1 ng the de vel opmenta 1 age, pos t-f1 oweri ng 
of the nuts exar.1ined or harvesting, handling or 
shipment procedures? How do the usual process-
ing conditions in Sri lanka and the Philippines 
relate to these factors? 
J.F . Chabot : Variation in structural 
charactenstics was related only to differences 
in processi ng. Are there no other factors which 
could be important such as variety of coconut or 
environmental conditions during growth and 
maturation? 
Authors: The mater i al we used as our control 
wasael1usked, fully mature nuts from the 
Phi 1 i ppi nes which had been ce 11 ophane wrapped 
prior to shipment . This would be the normal raw 
material for the desiccation process. Sri 
Lankan material "NOuld differ from thi s in that 
it would be harvested one month earlier and 
allowed to mature on the ground before process-
ing. In both countries, the extent of natural 
variation in the coconut crops and the varieties 
used are difficult factors to control. Such 
inherent variation will inevitably be carried 
through to the desiccated product. We would 
expect all these factors to exert some influence 
on the struct ure and behaviour of the tissue 
during processing and it would be interesting 
to carry out a more detailed study in these 
areas . On the basis of our results, so far, 
however, we would consider differences in 
processing between bulk samples to be more 
significant than variations in environmental 
conditions or variety of the fresh coconut. 
J.F. Chabot: The proces sed product had been 
subJected to several treatments other than 
simple cutting and desiccation. How can these 
be related to the final structure? 
Authors: Apart from the affects of types of 
cutters maintained to different levels and the 
different types of driers used, the only other 
major variable would be the two different blanch-
ing pretreatments carried out in Sri lanka and 
the Philippines. We have noted this causes a 
colour change and possibly differences in the 
levels of mi crobial contaminants which may in turn 
lead to storage problems . We would consider 
these rna teri a 1 s , however, to be s true tura 11 y 
similar in terms of their subsequent use as a raw 
material. 
J.W. Chabot: There was a broad generalisation 
drawn between the economic organisation of 
coconut processing plants in the two countries. 
For the purposes of the structural and function-
a l character i sat i on of processed coconut meat, 
wou l d not more careful l aboratory experiments 
be useful? 
Authors: Carefully controlled laboratory 
experlments to emu l ate the production processes 
"in situ" would be desirable but diff icult to 
J.F. Heathcock and J.A. Chapman 
control. The handling of material from the 
various stages of desiccation for microscopy 
may also prove difficult although this may be 
the easier part of the process to monitor. 
Sealing down of the cutting procedure to 
laboratory size may prove more difficult. The 
gear / tooth ratio of the cutters , for example, 
could not be altered without changi ng more than 
simply the volume of material processed. 
The original aim of this study was to 
evaluate sample s produced at the commercia l level 
and although ideally, empirical investigations 
should be carr ied out, preferably in the country 
of origi n, it was not possible within the scope 
of this work. 
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Longissimus muscle from 8 dairy cows was 
prerigor pressure (PRP) treated at different pres -
sure levels (0, 34.5, 68.9 and 103.5 I·INm- ' ). 
a-Glucuronidase (indicator of lysosomal enzymes) 
activity in the unsedimentable (U) and sediment-
able (S) fractions was fluorometrically assayed 
at ! ~ , 24 and 168 hr postmortem. At I~ and 24 hr 
postmortem, the specific activity of a-Glucuroni-
dase in the U-fraction from PRP treated samples 
was significantly (P <0,05) higher than that in the 
U-fraction from the control. However, at these 
times, the sedimentable fraction from the control 
sample had higher (P <0.05) enzyme activity than 
the sedimentable fraction from the PRP sample. 
Prerigor pressurization caused a pronounced Z-line 
degradation. However, there was no Z-line degra-
dation in the control samples, either at 1~ or 24 
hr postmortem. Z-l ine degradation could have been 
caused by a lysosomal enzy~ released early as the 
result of the pressure treatment. 
Initial paper received January 19, 1983. 
Final manuscript received June 16, 1983. 
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Introduction 
Tenderness is one of the most important char-
acteristics that render meat acceptable to consum-
ers. Tenderness is a dynamic property, and as such, 
even originally tender meat can be rendered tough 
by the postmortem handling e . g . chilling in a 
holding cooler. Several tenderization techniques 
have been found to restore tenderness, including 
prerigor pressurization (PRP) (Elgasim, 1977; 
Kennick et al . , 1980; 11acfarlane, 1973). In the 
past few years PRP has been intensively investi-
gated at our laboratory and it s beneficial effect 
on tenderness has been well documented. Also, 
several other physico-chemical properties were 
affected by PRP (Elgasim and Kennick, 1982). 
Several investigators have provided evidence 
for the presence of lysosomes in ske letal muscle 
(Canonico and Bird, 1970; Ono, 1970; Stagni and 
Bernard, 1968). Lysosomes are subce llul ar organ-
elles that house several proteolytic enzyrres. 
l~any researchers have reported on the role of 
lysosomal enzymes in meat tenderness (~loeller et 
al., 1976; Dutson et al., 1980) . Also these 
studies suggested that unless the lysosomal mem-
brane is disrupted, the lysosomal enzyrres are 
inactive. Disruptive processes including several 
chemical and physical factors e.g. pH, freezing 
and thawing, thermal activation and detergent 
treatment, have been implicated in lysosomal dis-
ruption (Sawant et al., !g64). 
Ivanov et a l. (1960), I kka i and Ooi (1966) 
and Joseph and Harrington (1968) concluded that 
muscle proteins are affected by hydrostatic pres-
sure. Enzymes are proteins and are likely to be 
affected by pressure treatment. Hydrostatic_ 
pressure in the order of 786.6 and 588.6 MN m 2 
inactivated trypsin and chymotrypsin respectively 
( t-liyagawa and Suzuki, 1963a, b) . Also sarcopl;:J.s-
mic reticulum subjected to 150 MNm- 2 lost its 
extra Adenosine Triphosphatase (ATPase) activity 
(Horgan, 1981) . 
The mechanisms by which pressurization ten-
derizes meat have not been fully e lucidated. In 
a previous study , Elgasim (1977) hypothesized 
that lysosomal enzymes are likely to play a role 
in the tenderness improvement i nduced by PRP . 
This study was conducted to see if PRP caused an 
early release of lysosom(ll enzymes as mon itored 
by e-Gl ucuroni dase. 
E.A. El 9asim et al. 
1-la teri a 1 s and t-1ethods 
~Preparation and Treatment 
Samples were obtained from 8 uti 1 i ty grade 
dairy cows (approx . wt 480 kg) slaughtered at the 
Oregon State Un i versity Meat Science Laboratory . 
After slaughter, skinning, evisceration, splitting 
and washing the carcass, the left side of the car-
cass was assigned for various pressure treatments, 
whereas the right side served as the control 
(CON). The longissimus muscle (from the last lum-
bar vertebra to the 8th thoracic vertebra) was 
removed ( =35 min. post slaughter) from the side 
designated for treatment and pressure treated 
according to the procedure of Elgasim et al . 
(1982) except that the pressure was applied at the 
rate of 2.6 MNm- 2sec- l. Un le ss other.-Jise stated 
the pressure level used throughout the experiment 
was 103 . 5 MNm- 2 . (102 1 atm.) 
Four pressure levels, namely 0 , 34 . 5, 68.9 
and 103.5 I"Nm- 2 were used to study the effect of 
the pressure level on the activity of a-Glucuroni-
dase . Longissimus musc le between the 6th and 8th 
thoracic vertebrae was removed from 6 sides desig-
nated for the pressure treatment in the study. 
Each t\"IO sides were assigned for 34.5, 68.9 and 
103 . 5 f-!Nm- 2 pressure treatment, whereas all the 
muscles from the corresponding sides were used for 
the 0 (CON) 11Nm- 2 . For this part of the study the 
act i vity was measured at 1~ hr postmortem in the 
unsedimentable (U) fraction only. 
The pH of the CON and pressure treated sam-
ples was meas ured at 1~ . 6, 24 and 168 hr post-
mortem using a Corning pH meter, Model 125, equip-
ped with a comb ination glass electrode which wa s 
in serted in a freshly made incision each time pH 
was taken. 
f!!.llme Extraction 
A method similar to that employed by Moeller 
et al. ( 1976) was used for the enzyme extraction . 
At appropriate ti~res postmortem (1~ . 24 and 168 
hr) samples were removed from each CON and pres-
s ure treated muscle , trirrmed of external fat and 
connective tissue and ground in a Hobart meat 
grinder. Ten grams of the ground meat sample was 
homogenized in 50 ml homogenizing solut i on (con-
taining 0 . 25 M sucrose, 0 .02 M KCl and 2 . 0 rW1 
EDTA , pH 7 .0) for 45 sec . in an Osterizer blender. 
The homogenate was fi 1 tered through two layers of 
cheese cloth and the pH of the fi 1 trate was ad-
justed to 7 . 25 to 7.30 with 0 .5 M KOH. The fil-
trate was centrifuged at 105,000 G for 2 hr to 
give unsedimentable (U) and sed i mentable (S) 
fractio ns . The U-fract i on was filtered through 
glass wool and the S-fraction was resuspended in 
25 ml of the homogenizing solution . 
Enzyme Assay 
a-Glucuronidase standard and 4-methyl umbel -
liferyl-8-0- glucuron ide were obtained from Sigma 
Chemical (St . Louis, 110). The enzyme activity 
was measured according to me thods described by 
Moeller et al. ( 1976). 
Electron Microscopy 
Observat ions were made on samples from two 
anima l s . Within 1.\.;! hr postmortem, samples were 
removed from the CON and pres sure treated samples 
and fixed iiTlllediately i n 3% glutaraldehyde in 
0 . 1 M phosphate buffer, pH 7. 2 for 4 hr, then 
transferred to a fresh phosphate buffer and left 
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overnight . The samples were then fixed in 1':; 
osmi urn tetroxide (OsO,,) in 0.1 M phosphate buffer , 
dehydrated in 50, 70, 90 and 100% acetone so·u-
tions and sta i ned with a saturated solution of 
uranyl acetate. Specimens were infi 1 trated, em-
bedded in Spur's epoxy formulation and cured 
overn i ght at 70°C. Silver-grey sections were cut 
using a diamond knife on a Porter- Blum MT-2 ult ra-
microtome, stained with Reyno l d ' s lead citrate 
and examined with a Philips EM - 300 transmiss i on 
microscope. At 24 hr postmortem a sample was 
removed from the CON muscle and similarly pre -
pared for examination with the electron micro-
scope. 
Sodium Dodec 1 Sulfate Pol acr lamide Gel El ec tro-
horesis SDS-PAGE 
Gel electrophoresis of the total extract 
(unsedimentable fraction + resuspended pellet) 
and U- fraction was performed following the pro-
cedure described by Porzio and Pearson ( 1977) 
using 10% gels. The protein concentrations of 
the two fractions were determined by the biuret 
method (Gornall et al., 1949) . 
Statistica l Analysis 
Since the design of the experiment uses a 
paired comparison, the data co 11 ec ted for the pH, 
and enzyme activity in the sedimentable and U-
fractions were analyzed by the paired t-test 
(Steel and Torrie, 1960). 
Results and Discussion 
6-Gl ucuroni dase activity was determined 
after treating muscles at 0 ( ~ CON), 34.5, 68 . 9 
and 103.5 MNm- 2 for 2 min . to determine whether 
the enzyme activity is pressure dependent. There 
was a progressive increase in activity with in-
crease in pressure level (Fig. 1), however, the 
change was observed to be non-linear. The change 
in activity/press ure unit was higher between 34.5 
and 68 . 9 ~1Nm- 2 . The cause for this non-1 i neari ty 
was not clear , however , it could be that more 
enzyme was released but s ome of it wa s inacti -
vated. Pressure in the order of 51.8 MNm- 2 
caused an increase in the activity of sarcoplas -
mi c reticulum extra ATPase, however, the activity 
decreased as the pressure level was increased to 
!03.5 and !55 MNm- 2 (Horgan, 1979). 
The specific activity of a- Glucuronidase in 
the U and S-fractions at different postmortem 
times is shown in Table 1. At 1~ and 24 hr post-
mortem, the activity in the U-fraction from the 
PRP samp le was s ignificantly (P <0.05) higher than 
its corresponding CON (approximately 23% and 20% 
increases in free activities at these postmortem 
times, respectively). At 7 days postmortem, the 
free activities of both CON and PRP samples were 
the same (P >0 . 05) . Dutson et al. (1980) reported 
that electrically stimulated ovine samples had 
higher percent free activity for a-Glucuronidase 
and cathepsin C. The increase in the activity of 
a-Glucuronidase in the U-fraction, immediately 
after the treatment ( 1l:z hours postmortem), was 
not s urpr i sing because, bes i des other factors , 
the PRP treatment caused the pH of the samp l e to 
be acidic {Fig . 2) . At the acidic range observed 
in this study, Sawant et al. (1964), reported 
that aryl sulfatase , acid phosphatase and a- Glu -
curonidase became more available. Diva lent 
lysosomal enzyme activity of PRP muscles 
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Fig. 1: Changes in the specific activity of 
a- Glucu r on i dase ( relat ive intensity) with changes 
in pressure levels. Tempe rature (37° C) and dura-
tion (2 min.) of pressurization were kept con-
sta nt. The activity wa s measured in the U-frac-
tion immediately before and after pressurization 
( =l J.z hr postmortem) . Each point is a mean of 2 
samp les 1-1i th 2 observations per sample , except 
the 1st point, at 0 MNm- 2 , which i s a mean of 6 
observations. 
cations, especially Ca++ and Mg++ a l so enhance the 
ava ilability of lysosomal enzyrres (Sawant et al., 
1964) . In apreviousstudy usingelectron mi croscopy , 
El gas i m and Kennick (1982), obser ved that the 
mi to chondri a 1 and sa rcopl asmic reti cul urn sys terns 
loJere both affected by PRP resulting in t he release 
of ca ++ in the cell cytoplasm which was evident by 
the contraction (48% of its on carcass length) 
obse rved after PRP t rea t me nt (Kenn ick et al., 
1980). However, the effect of pressure on the pH 
of prer i gor muscle cannot be used to explain the 
differences observed in the B- Glucuronidase 
activities between PRP and CON samples at 24 and 
168 hours postmortem (Table I) . At these times , 
the pH differences between the two treatments 
van i shed and the samples have the same ulti mate 
pH (Fig. 2). 
At this stage our attent ion was focused on 
poss i ble molecular changes tha t could have dic-
tated these differences in the activities of CON 
and PRP samples . Exami nati on of electrophoreto-
grams (F ig. 3) of the CON and pressure treated 
samples reveal that the PRP sample from the U-
fraction (gel I) ha s two bands less than the CON 
samp l e (gel 2). The two missing bands were ob-
served to be i n the 173,000 and 153,000- dalton 
reg i ons and it is s uggested these two bands were 
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Fi g. 2: Changes in the pH of the control ( - ) 
and pressure treated (e--e ) longissirrus muscle 
with postmortem tilre!s. Conditions of the pressure 
treatment: 103 . 5 MNm- 2 , 37° C, 2 min . duration. 
Each point is a mean of 8 observation s . 
Table I- Changes in specific activit ie s of 
B-Glucuronidase in the sedi mentable and 
unsedimentable fract i on from control 
and pressure treated bovine logissimus 
muscles with ~ostmo r tem times. 
Post- b Specifi c Activ!t i es 
mortem Treatment of Fraction % Bound 
Time I hr) u s Act i vit{ 
I '> CON 0 .1 64d 0. 202 h 55 . 50 
PRP 0 . 231d 0 .113h 32.90 
24 CON 0 . 268e 0.171 i 39.00 
PRP u. 356e 0.084 i 19.10 
168 CON 0. 341 f 0.141 k 29.20 
PRP 0 . 3929 o.o1zk 15.50 
a Specif ic activities were expressed as nM sub-
strate hydrolyzed/mg protein/min. Each value 
is a mea n of eight observations. U = unsedi -
mentab l e f raction; S = sedimentabl e fraction . 
b CON = control ; PRP = pre r igor pressurization.:. 
Conditions of pressure treatment: 103.5 MNm 2 
37° C and 2 min. duration. 
c % bound act i vity = S-activ ity (U-act ivity + 
sed i mentable activity }. 
d • e • f • g • h • i • k means in the same pas tmortem 
period and the same column , carrying the same 
superscr ipt are significantly different (P <O.OS) 
E.A . Elgasim et al. 
mobilized by the PRP treatment. The nature of these 
two bands is not known, but we believe them to be 
natural proteinase inh i bitors. A third band at 
130,000-dalton region a l most vanished from the PRP 
samp l e (gel 1). Whe n these gels were scanned, the 
intensity of some other minor bands were observed 
to be affected by the pressure treatrrent. There 
were no differences i n the banding pattern of the 
electrophoretograms obtained from the total ex-
tract of the PRP (gel 3) and in the CON (gel 4). 
Only minor differences in the intensity of these 
bands can be observed . 
2 MW x l03 
- · 17 3 
.. 
130 
4 
Fig . 3: SDS - ge l e l ect rop ho r es i s of total extract 
and U-fractions pre pa red from CO N and PRP samp l es 
112 hr postmortem . Ge l s 1 and 2 are U-fractions 
from PRP and CON samples respectively . Ge l s 3and 
4 are total extracts from PRP and CON respec-
tively . Conditions of the PRP: 103.5 MNm- 2 , 
37 ° C and 2 min. duration . Note that CON has two 
bands (arrows) more than the PRP sampl es. 
Figure 4 shows the electron mi crographs of 
pressure treated and CON samples . It is obvious 
that the Z- 1 i nes of the pressure treated samples 
were extensively disintegrated. Calcium-activated 
factor ( CAF) (Penny, 1974; Dayton et a l . , 1976) 
and cathepsin D (Eino and Stan l ey , 1973) were 
i mplicated in postmortem Z- line degradation. At 
a pH <6 . 0 Suzuki et al. ( 1982), observed that CAF 
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was less effecti ve i n degrading the Z-1 ine of the 
myof i brils, and i n our study, the pH of the musc l e 
is below 6.0 irrmediately after pressurizati on . 
Severa l studies (Ei no and Stanley, 1973; Ro)bins 
and Cohen, 1976) have i ndicated that catheps in 0 
is effective under these conditions. Since 
cathepsin D is lysosomal in origin (Canonico and 
Bird , 1970) the Z-1 i ne degradation observed he re 
(Fig. 4) can be taken as evidence of an early 
release of lysosomal enzymes induced by PRP treat-
ment. 
Fig . 4 : Transmission electron mi crograph of l on-
giss i mus muscle samp l ed and fixed 1 ~ hr postroor-
tem: a) l ongit udinal secti on from CON sample; 
b) longi t udi nal section from PRP sample; c) lon-
gitud i na l section from CON sample, samp l ed and 
fixed at 24 hr postmortem . Note Z- line disinte-
gration of PRP (arrows) . There was no Z- line 
disintegr ation i n the CON samp l es even with 
aging up to 24 hr pos t rrortem . Bars in a and b 
equal 3. 1 lJ m, ba r i n c = 2.0 ~m . 
Lysosomal enzyme activity of PRP muscles 
In view of the results presented here, there 
is no doubt that PRP caused an early release of 
lysosomal enzymes at a t ime when the temperature 
and pH conditions of the muscle were conducive to 
a greater and faster enzymatic action . Therefore, 
at least part of the improvement in tenderness 
induced by PRP treatJren t could be attributed to 
the earl y action of the lysosomal enzymes . 
Acknow 1 edgemen t 
Oregon State Agricultural Experiment Station 
Technical Paper No. 6688 . 
This work was partially s upported by the U. S . 
Dept . of Energy under Grant No . DE-FGD1 - 8DCS15D13 . 
Gratitude i s expressed to r~r. A. Soeldner, Oregon 
State University , Electron f<licroscopy facility for 
technical assistance wi t h TEM. 
Ca noni co PG , Bird JWC. (197D). Lysosomes in 
skeletal muscle tissue. Zonal centrifugation evi-
dence for multiple cellular sources. J. Cell . 
Bioi . 45 , 321-333 . 
Dayton WR, Reville WJ, Gall DE, Stromer I~H. 
{1976) . A ca+ 2 activated protease possibly in-
volved in myofibrillar prote in turnover. Partia l 
characterization of the purified enzyme . Biochem . 
15 , 2159-2167. 
Dutson TR, Smith GC, Carpenter ZL. ( 19BD). Lyso-
somal enzyme distribution in electrically stimu-
lated ovine muscle. J . Food Sci. 45 ,1 D97-!098. 
Eino MF, Stan ley 01/. (1973) . Catheptir activity , 
textural propert ies and surface ultrastructure of 
postmortem beef muscle. J. Food Sci. 38 , 45- 50 . 
Elgasi m EA . ( 1977). The effect of ultrahydro-
stat i c pressure of prerigor muscle on character-
istics of economic importance. M. S. thesis, 
Oregon State University, Corva 11 is, Oregon . 
El gasim EA, Kennick WH. (1982). Effect of high 
hydrostatic pressure on meat micros truc t ure. 
Food Microstructure. 1( 1). 75-82 . 
Elgasim EA, Kennick \~H. Anglemier AF, 
Elkhali fa EA, Koohmaraie 1~. ( 1982) . Effect of 
preri gor press urizati on on the emulsifying capa-
city·of musc l e protein. J. Food Sci . 47,861-863. 
Gornall AG , Bardaw ill CJ, David Ml~. (1949) . 
Determination of se r um-proteins by means of the 
biuret react i on . J . Bio l. Chern . 177,751-766. 
Horgan , OJ . (1981) . Effect of pressure treatment 
on sarcoplasmic re t i culum of red and white 
muscles. Meat Sci. 5 ,2 97 -305. 
Horgan OJ . (1979) . ATPase activ iti es of sarco -
plasmic reticulum isolated from rabbit and bovine 
muscle subjected to prerigor pressure treatment . 
J. Food Sc i. 44,492-493. 
l kkai T, Ooi T. (1966). The effect of pressure 
on F- G transformation of actin . Bi ochem . 5,1551-
1560 . 
95 
Ivanov 11, Berg lN, Labedeva NN. (1960) . Changes 
in some properties of myosi n, actomyosin and actin 
under the influence of high pressure. Bio khe meya . 
25,505-510. 
Joseph R, Harrington WF. (1968). On the stabil-
ity of myosin filaments. Biochem. 7,2834-2847. 
Kennick WH, Elgas i m EA, Holmes ZA, Meyer PF . 
( 1980) . The effects of ultrahydrostatic pressuri-
zat i on of prer igor muscle on postrigor meat char-
acteristics. Meat Sc i. 4,33- 40 . 
f~ac fa r l ane JJ. (1973). Preri gor pressurization 
of muscle: Effect on pH , shear value and taste 
panel assessrrent . J. Food Sci . 38,294-298. 
f·1iyagawa K, Suzuki K. (1963a) . Pressure inacti-
vation of enzyme : Son:e kinetic aspects of pres-
sure inactivat i on of Trypsin . Rev. Phys. Chern . 
Japan. 32 , 43-50. 
1>1 iyagawa K, Suzuk i K. (1963b) Pressure inacti-
vation of enzyme : Sorr:e kinetic aspects of pres-
sure inactivation of chy mot rypsin. Rev . Phys . 
Chern . Japan . 32,51-56 . 
11oeller PW, Fields PA , Dutson TR, Landman WA, 
Carpenter ZL. (1976). Effect of high temper ature 
conditioning on subcellular distribution and 
levels of lysosomal enzymes . J . Food Sc i. 
4 1, 216 - 217 . 
Ono K. ( 1970) . Lyososomal-type enzymes in beef 
longissimus dorsi muscle. J . Food Sci. 35,256-
257. 
Penny IF. (1974) . The action of a muscle pro-
tease on the myofibrillar prote in :; of bovine 
muscle. J. Sci . Fd . Agric. 25,1 273 -1 284. 
Porzio MA, Pearson l\f>1. {1977). Improved reso-
lu t ion of myofibrill ar prote ins with sodi um 
dodecyl sulfate - polyacryl am i de gel electro-
phores i s. Biochem. Biophys . Acta . 490 , 27- 34. 
Robbins Fl~. Cohen SH. (1976) . Effects of cathep -
sin enzymes from spleen on the microstructure of 
bovine semimembranous musc l e . J. Textu r e Stud. 
7 ,1 37-142. 
Sawant PL, Desa i lD, Tappe I AL. (1964). Factors 
affecting the lysosoma l membrane and availability 
of enzymes . Arc h. 8i ochem . Biophys . 105,246 - 253 . 
Stagn i N, Bernard BDE . ( 1968). Lysosom..1l enzyme 
dctivity in rat and beef skeletal muscle. Bio-
chem. Biophys . Acta . 170,129-139. 
Steel FGO, Torrie JG. (1960) . Principles and 
procedures of statistics . f>1cGraw-Hill, f-lew York , 
78-81. 
Su zuki A, Matsumoto Y, Sato T, Nonami Y, Saito !A . 
(1982). ca z+_activated protease in stored muscle . 
lleat Sci. 7,269- 278. 
Discussion with Reviewers 
P. B. Addis: The author~ report that press ure 
cau5esamore rapid pH drop in muscle . However, 
thi s experiment is confounded by the fact that 
the control s ide was i n tact whereas the treated 
si de was excised , and excis ion by itself is able 
to stimulate contraction and pH decline. Further-
more, pH decline i s a factor which ca n st imula te 
release of lysosoma 1 enzymes . 
E. A. Elgasi m et al. 
Authors: We meas ured pH before and after excision 
and we observed very 1 i ttle change as a result of 
exc i s i on. It is to be noted that our meas urements 
were taken within ":! to I min . after excision. He 
think excision will become a factor in pH decline 
i f there is a time gap between excision and pH 
measurement . We are quite confident that the 
substantial change in the pH of the pressure 
treated sample is due to the treatment itself and 
not the excis ion of the muscle. We do agree with 
you that pH decline is a factor that can stimu la te 
release of lysosomal enzymes and this is the main 
reason for presenting the pH results in this 
study. 
T. R. Dutson: Was care taken not to remove samples 
from any area of muscle that had previously been 
cut for pH measurement? 
Authors: Generally we avoided any muscle area 
that had been exposed for a longer period . 
R. J. Carroll: Why were utility grade cows used? 
Would not the connective tissue content be higher, 
and, therefore, less tender meat? 
Authors: It happened that they were t he samples 
available to us. We agree with you that they are 
less tender, however, we think it is due mainly 
to the quality of connective tis:ue rather than 
the quantity. Connect ive tissue becomes more 
cross -linked with maturity, thus mo re stable to 
heating (cooking). 
Reviewer VI : Can you please comment further on 
the gel electrophoresis? 
Authors: Two techniques were used to perform gel 
electrophoresis . One was laei1Tl1li (1970) with son~ 
modification {slab gel instead) and the other was 
the Porzio and Pearson { 1977) technique. The 
latter has given a much better resolution and a 
clear electrophoretogram is presented (Fig. 3). 
With Laemml i 's procedure the two missing bands 
were observed at 179 ,000 and 126 ,500-da lton. 
With Porzio and Pea1·son 's procedure the two miss-
ing bands were observed at 173,000 and Ei7 ,200-
dalton. A third band at the 130,000-dalton re-
gion almost vanished. 
T.R. Dutson: Are these micrographs {Fig. 4) rep-
resenta-tTVe of the micrographs of all samples? 
How many animals and how many samples per animal 
were evaluated? 
Authors: Samples were obtained from two animals 
with two observations per animal. Over the years 
we have taken many electron micrographs and feel 
confident that the effect of pressure on the 
ultrastructure of muscle is very cons i stent. 
R.J. Carroll: In the 'Results' section in dis -
cussing Table 1, you mention "approximately 23% 
and 20% increases in free activities .. . ". Can 
you please explain this further? 
Authors: Free activity is the enzyme activity in 
the unsedimentable fraction (supernatant). 23% 
and 20% came from Table 1 by subtracting and 
rounding to whole numbers, the % bound activity 
in the PRP sample from that of the CON at I ~ and 
24 hr postmortem, respectively. 
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Reviewer VI: Please give further details about 
the B Glucuronidase standard. 
Authors: Purified enzyme with known protein :on-
tent and enzyme activity {3,500,000 unitsjgm 
solid) obtained from Sigma Chemical , St. Loui;,MO. 
R. J . Carroll: . . . 48% of carcass length contnc-
tion after PRP treatment {Kennick et al .• 198)). 
but on page 77 (Elgasim and Kennick , 1982, Fold 
l~icrostructure) the sarcomeres for longissimu; 
muscle were only 8 . 2% shorter. Can you clarify 
this discrepancy? 
Authors: There is no discrepancy. In the first 
study (Kennick et al .• 1980) we are looking t) 
the overall shortening of the whole muscle rela-
tive to its rest i ng length . In the second stJdy 
(Elgasim and Kennick, 1982) the measurement WlS 
on the sarcomere, 'tlhich is the smallest unit Jf 
the muscle. We have encountered sorre di ffi cul ties 
measurin; the sarcomere length of the pressur~ 
treated samples. It is observed that the con-
traction generated by the pressure treatment is 
not uniform. \~e observed areas where the sarco-
meres are stretched and in other areas super-
contracted. 
T.R. Dutson: Were gels produced from the tissue 
before 105,000 XG centrifugation or were the two 
fractions combined after centrifugation? 
Authors: After centrifugation. 
Reviewer VI : In connection with Fig.3, can you 
please explain relative intensity further? What 
was the activity of S-fractions for these samp l es? 
Authors: In our case s -Glucuronidase enzyme so l -
ution with the highest concentration was used to 
set the relative intensity sca le at 80. Usually 
quinine sulfate solution is used to calibrate the 
machine, but we did not use it in our study be-
cause the excitation and emission wave lengths of 
our samples are different from those of quinine. 
Unfortunately with our limited re sources we did 
not measure the activity of the S-fraction, but 
our assumption is that it will show a pattern sim-
ilar to that in Table 1. 
P. B. Addis: Does prerigor pressurization affect 
rancidity of tissue? The disruption of membranes 
could, if severe, lead to phospholipid oxidation. 
Autho12.: This study is in progress. We observed 
that there is more free fatty acid {FFA) in the 
PRP sample than their corresponding control . How-
ever, the peroxide values of the PRP samples are 
less than those of the control. It is too early 
to speculate what happened exactly. 
Reviewer V: Another way to l ook at the data in 
Table 1, which I think is easily defendab·le, is to 
sum the activities of the "U" and "S" fractions 
and l ook at the total activity. If this is done, 
one finds differences due to treatment that do 
not appear to be significant. Thus, it may be 
postulated that the treatment only affects the 
equilibrium between the two fractions. Please 
comment. 
Au thors: There is more than one way of look i ng 
at the data. Based on the objective that we have 
stated for this study we looked at the data from 
Lysosomal enzyme activity of PRP muscles 
the distribution point of view (distribution of 
8-Glucuronidase in the Sand U-fractions). We 
don't see any way of reaching the conclusion that 
the treatment has affected the equilibrium (we 
believe you mean distribution) between the two 
fractions without presenting the data the way we 
did in Table 1. Dutson et al. ( 1980) found that 
e l ectrical stimulation affects the distribution 
of lysosomal enzymes . Prerigor pressurization 
effect is similar to electrical stimulation, just 
more vigorous than it, therefore it is not sur-
pr i sing that it affects the distribution in the 
manner discussed in this paper . 
R.J. Carroll: Since the pH i s a major variable 
in this st udy, why did you not fix each sample 
at the pH of the muscle at the time of sampling 
to minimize possible artifacts? 
R. J. Carroll : Have you carried a restrained 
muscle through the prerigor pressurization treat-
me nt? How would this effec t sarcomere lengths? 
Meat tenderness? 
Authors: We agree with you that the effect of pH 
is very i mportant. This study as well as the 
study you mentioned in your second question are 
in progress at this time and we hope to report 
about them in the near future. 
P.B. Addis: Are any cornnercial applications of 
this technology currently being utilized? 
Authors: So far no , but we think 1.,re are getting 
there. 
S.H. Cohen: The authors should make note of the 
range of act ivity of the CAF vs cathepti c enzymes, 
s ince the cathepsins are active at postmortem pH, 
whereas CAF i s not. 
Authors: CAF was dealt with in a separate study 
and its manuscript is under preparation. 
Reviewer V: There is no evidence to support the 
statenent that, the Z-di sc removal is evidence of 
l ysosomal activity . 
Authors: A study on CAF from two different musc les 
(Koohmaraie, Kennick and Elgasim, in progress) 
shows that the control had mo re CAF activity, at 
all postmortem periods investigated, than the PRP 
samples . Our preliminary results with cathepsin 0 
indicate that the PRP samp les have more activity 
than their corresponding controls, that is immed-
iately after the pressure treatment (=1~ hr post-
mortem). Since cathepsin 0 and CAF are the two 
enzymes implicated in the Z-disk removal and 
since the conditions of the pressure treatment 
are not in favor of the CAF activity, one would 
tend to lean towards cathepsin 0 (a l ysosomal 
enzyme) as a possible causat i ve of the Z-disk 
degradation observed in the study . Also please 
refer to S. H. Cohen 1 s comment above. 
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P. B. Add is: Does hyperbaric treatment of the type 
reported here result in more dissolved gasses 
(nitrogen and oxygen) in the aqueous phase of the 
meat? 
Authors: Both subjective (consumer panel) and 
objective (Hunter Co lor Difference Neter} eval-
uations indicate that PRP improves the color of 
the meat. The mechanism(s) by which it does so 
is not clear. Some possible mechanisms are: 
1) pressure treatment induces the expansion of 
muscle pigments (Marshland, 1944); 2) accelerated 
lactic acid production or 3) the improvement 
observed in color is due simply to rore oxygen 
dissolved in the aqueous phase of the meat. We 
do not know. 
Di scussion References 
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Bull. 87,252-261. 
P. Rcsmini and ~I.A. Pagani 
Additional discussion with reviewers of the paper 11Ultra structure Studies of Pasta. A Review" continued 
from page 12. 
E. A. Davis: Figure 4 shows ··water'' around sta rch and mem-
brane residues. In our studies we observe thi s '"water'" or 
'"ridge area'· forming just as the granule begins to swelL What 
model system evidence do you mean by .. membrane residue''? 
Authors: By FF a ridge area of the granule ca nnot be clearly 
shown. because etch ing is not performed. The material around 
the granule th:1t we indicated as '"membrane residue'' ("m'' 
in Fig. 4c) exhibits the cha racteristic fea tures of th e material 
shown at the surface of the granule <lfter a surface-fracture 
(Fig. 4b). 
J .E. Dex ter : How did the authors determine cooking time? 
Why was group B cooked 5 minutes longer than group A? 
Assuming strand diameter is similar for all samples I would not 
expect coo king time to vary by more than one minute between 
samples. 
Authors: Cooking time is determined as written in the Ap-
pendix. Group B always shows a much longe r cook ing time than 
Group A even with the same st rand diam eter. We think that this 
is probably due to the starch and protein modifications caused 
by the heat treatment producing perhaps a lower rat e of water 
penetra tion into the strand of the spaghetti (Wyland and 
I)'Appolon ia. [81 ]). ll owever , in our opinion. it is diffi cu lt to 
foresee the cook ing time of unknown produc ts on th e basis of 
convent ional pasta cooking time. 
R. Moss: How are protein and starch components identified, 
p:1rticularly in cooked pasta - in many of the Figures the 
protein appears to have a finer granular struc ture than the 
starch? Is this the case? 
Au th ors: In FF coo ked samples the protein exhibits always a 
finer str uc ture than the starch because. under hydra ted sta te, 
the protein subun its have a diameter at least 3 tim es sma ll er 
than 1.tarch spherulites. This is one of the differential features 
of the two componen ts. Funhermore. the protein matrix shows 
o ft en inclusions o f lipid and other material , never found into 
the st arch. which help in the int e rpretatio n of the micrographs. 
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Abst r act 
A rev~ew of the muscle cytoskeleton 
is presented. Current evidence l eads to 
the concept of a muscle cell cytoskeleton 
consisting of at least two elements - gap 
filame nts which are located parallel to 
the fiber ax~s and provide intracellular 
elasticity and tensile strength and 
intermediate filameots found in the z-
disc area that function to connect 
adjacent Z- discs and promote lateral 
registration. The former constituent 
consists of the high molecular weight 
protein connectin (titinl while the 
latter is composed of the smaller pro tein 
desmin (skeletinl. Both proteins exist 
in filamentous form, are susceptible to 
proteolysis and are insoluble in 
phy s iological solutions . It is pro p o sed 
that these two elements may interact in 
the region of t he Z- disc to f o rm a three-
dimensional network that functions to 
hold myofibrils i n p l ace and pr o vLde an 
ordering of the c ontractile mechanism . 
De g radation o f the cyto skeleton dur i ng 
post-mortem conditioning of muscle may be 
partially responsLble for the tenderizing 
phenomenon observed in aged meat. 
Original work is described in wh i ch beef 
skeletal muscle cell segments are indu c ed 
to empty, leav ing behind the sarc olemmal 
sheath . Conditions necessary for this 
reaction to occur included the presenc e 
of Ca++ ions and s~x days o f po s t -mortem 
conditioning at 0-5°C . On the basis of 
these data, it is further proposed that 
muscle ce ll emptying may be a consequence 
of the action of an endogenous 
proteolytic enzyme that breaks d own the 
cytoskel e ton. 
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Final ma nus cr ipt r eceived J une 13 , 1983 . 
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Int r oduction 
Heat texture is sn important, if not 
the most important, quality factor 
dictating its acceptance as a food. 
Scientists have used genetic, 
nutritional, chemical, microstructural, 
~nstrumental and sens o ry methodol o gy in 
order to understand the factors 
responsible for tender ness - toughne s s in 
meat . At present, the most widely 
accepted theory of mea t texture hol d s 
myofibrillar contrac tion and 
intramuscular connect~ve tissue t o be the 
two major factors determin~ng physical 
properties of muscle tissue lsee Harris, 
1976 for reviewl. Hare recently, Currie 
and Wolfe 119801 have introduced the 
concept of intrafiber water as a third 
fact o r to be considered in meat t exture . 
These authors found a high c orrelation 
amo n g the tensile and adhesive pro perties 
of mus c le strLps undergoing rigor and 
c hange s ~n extracellular space , whi c h, 
turn, i s inversely pro p o rtional to 
intrafiber water content. High levels of 
intrafiber water are thought to 
facilitate slippage of the my o fibril s 
under tensile and adhesi v e forces. 
The purpose o f this re v iew is to 
consider another structural factor which 
may play a signifi c ant role in meat 
texture. As will be seen, the muscle 
cell cyto skeleton, although postulated 
for many years, has only recently come 
under c lose scrutiny and its true 
relation to meat texture i• unknown. 
However, both theoreti c al and 
experimental reasons exist for carefully 
c onsidering the cytoskeleton as a 
potential contributor to the physical 
propert~es of meat. 
The Cytos kel e tal Cpncept 
It is not greatly surprising that 
the initial examination of cells using 
relatively primitive light microscopes 
led to the view of a membrane surrounding 
D.W . Stanley 
a structureless cytoplasm embedded in 
which were various organella& and 
inclu s ions . It became apparent, h o wever, 
that the multitude of enzymatic processes 
taking place within a cell could not 
occur with the required frequency if 
substrate and enzyme were not ordered in 
some way. This, and the advent of better 
ways of looking at cells, led to a 
dynamic concept in which organized array s 
of fibrous elements interact to form a 
highly integrated structural networ k . 
These interconnected members are 
collectively called the cytoskeleton. 
This term appears to have been intro duced 
in the literature by Peters 11956) 
although fibrous networks of filaments 
were reported prior to this by early 
electron microscopists . It is of 
interest to note that Peters hypothesized 
the presence of a cytoskeleton without 
the benefit o f d irect microscopi c 
evidence. Concerni ng the role of the 
cytoskeleton, he wrote '' I felt forced to 
postulate the presence of a fluid anatomy 
in the geography of the cell, being s ome 
tenuous network by the action of whi c h 
the cel l 's enzymic activities were 
coordinated.' 
This living framework called the 
cytoskeleton is now known to exist in all 
eukaryotic cells. I t is composed of 
various fibrous elements which have been 
grouped ~nto three major structural 
categories including mi crotubule&, micro-
filaments and intermediate filaments. 
Various functions have been attributed to 
the cytoskeleton related to cell 
motilities, e.g. cytoplasmic streaming, 
o rganelle movement, cytokinesis, 
phagocytosis secretion and cell s urfa c e 
modula t i o n ! Brinkley, 1982). lt is of 
i mpo rtance to real~ze that the 
cy toskeleton ~s an acti v e dynamic syste m 
invo l ved with cell movement and changes 
in shape and not simply a passive network 
its name might imply. 
Cytqskel et on qf the Muscle Cell 
It will be appreciated that because 
of t he unique architecture of the muscle 
cell, the function of a cytoskeleton 
would of necessity be different from that 
of nonmotile cells. As connective tissue 
serves as an extracellular source of 
support for the fiber so would the 
cytoskeleton be presumed to hold 
myofibrils in place and provide an 
ordering of the contractile me c hani sm. 
The structural evidence for a mu scle 
c ell cytoskeleton would seem to have had 
its origin in early theories attempting 
to explain muscle elasticity. Han son and 
Huxley 11955) proposed the presence of 
very thin but elastic '' S-filaments '' 
linking actin filaments and a similar 
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proposal was advanced by Hoy le 119671 
that featured '' ultrathin filaments' ' , 
independent of actin \Figure 11 . A 
number of workers CSjOstrand , 1962; 
Carlsen at. a.l., 1965; Mc Neill and Hoyle, 
196 71 used electron micros copy to 
demonstrate the actual occurrence of such 
filaments. Evidence was gathered using 
muscle tissue from which the contractile 
proteins had been extracted !Walcott and 
Ridgeway, 1967; dos Remedios and Gilmour, 
1978) and from highly stretched muscle 
fibers I Locker and Leet, 1975, 1976). In 
all cases, very fine filaments persisted 
in the preparations !Figure 21. The 
names given to these st ructures and their 
exact spatial location have varied from 
worker to worker; the latter workers 
observed filaments o c curring in the A-I 
gap in highly stretched fibers and used 
the name 'gap filaments', first conferred 
on them by SjOstrand 119621 . This name 
will be used in this review . Regarding 
location, it would seem reasonable to 
entertain the following possibilities for 
thin myofibrillar filaments running 
parallel to the fiber axis: 11 they could 
connec t an A band to a Z-disc; 21 they 
could connect two A bands through a Z-
disc; 31 they could connect two adjacent 
Z-discs; 41 or they could connect 
numerous Z-discs, thus linking to 
transverse elements, and via these to the 
sarcolemma. The definitive answer to the 
exact location of gap filaments awaits 
further research. 
Chemical characterization of the 
proposed elastic component of muscle was 
provided by Maruyama and c o workers 
! Maruyama .a.t. a .. l., 1976, 19771 who 
o btained a rubbery, insoluble protein 
from extrac ted myofibrils, termed it 
''connect in '' and concluded that it 
functions as an elasti c compo nent of 
mus cl e. The elec tron mi c ros cope showed 
the isolated protein t o consist of thin 
filaments and antibody studies located 
the protein along the sarcomere except at 
the Z- discs !Maruyama A...t. a..l., 1981 l. 
Connectin, alternatively called titin 
I see Wang and Ramirez - Hitchell , 1983J, 
has also been identified in the 
sarcolemma where it might join the 
membrane and myofibrils . 
z A z 
Figure 1. D~agram showing proposed model 
for muscle including a very thin elastic 
filamentiTl extending between Z-discs CZl 
and parallel to the A band IAJ and I band 
III. Source: Hoyle 119671; used with 
permission. 
MUSC LE CELL CYTOSKELETON AND TEXTURE 
Figure 2. Transmission electron 
micrograph of ox sterno-mandihularis 
muscle glycer~nated at twice the excised 
length and incubated in calcium-activated 
factor and calcium ions. Host of the Z-
disc material has been removed and 
numerous small filaments can be seen 
spanning the A-I gap. Source: Locker~ 
.a...l. ( 19771; used with permission. 
Figure 4. a, Indirect immunofluorescence 
showing distribution of desmin at the 
periphery of Z-discs in isolated Z-disc 
sheet from chicken skeletal muscle. b. 
Similar technique showing distribution of 
a-actinin in the interior of Z-discs . 
Bar"' 2.5 um. Source: Lazarides 
119821; used with permission. 
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Figure 3. Typical force-deformation 
curve obtained from applying tensile 
force to uncooked beef muscle. A more 
pronounced effect may be seen in Locker 
and Wild 11982bl. Source: Currie and 
Wolfe (19801; used with permission. 
Another line of evidence for the 
presence of thin filaments located 
parallel to the fiber is based on studies 
of the tensile properties of muscle. In 
these experiments force is applied to 
muscle strips that acts to pull 
sarcomeres apart longitudinally and the 
resulting force - elongation curve 
r&corded. Locker and his group !Locker 
and Carse, 1976 ; Locker ~ a.J.. , 1977 ; 
Locker and Wild, 1982al have reported 
that gap filaments may make a significant 
contribution to the tensile strength of 
muscle. Upon the application of tensile 
force in an Instron tasting machine, the 
muscle strips exhibit an initial yield 
(e.g. Figure 31. Thia appears to be the 
same as the ''yield point'' obtained in a 
more pronounced way with simpler 
methodology by Locker and Wild (1982bl. 
This point occurs at a low extension 
where the connective tissue network is 
still slack, thus suggesting that the 
failure takes place in the myofilaments. 
The location of this yield point remains 
quantitatively constant even up to the 
point where the myofibril is becoming 
·· cooked'', Locker and Wild 11982al 
concluded that the y i e l d point is due to 
!-filaments snapping at the Z-line or 
pulling. On the basis of these 
ultrastructural and chemical 
observations, it would seem reasonable to 
conclude that gap filaments, composed of 
connectin, function as the axial element 
of the muscle cytoskeleton and are 
related to elasticity and strength. 
Another possible cytoskeletal 
element was suggested by the observation 
D. W. Stanley 
that sarcomeres exist in axial reqister 
and exhibit lateral organization ieading 
to the characteristic striated appearance 
of muscle tissue . Lazarides 119801 has 
reviewed this subject and cites work 
demonstrating that the fibrous elements 
that have been observed to link 
myofibrils laterally and to link them to 
the sarcolemma are so-called 
''intermediate filaments''. This term 
refers to an ubiquitous class of 
filaments distinguished morphologically 
by an average diameter of 10 nm and found 
in many types of cells. Intermediate 
filaments are particularly abundant in 
adult smooth muscle. Exhaustive 
extraction of smooth muscle cells to 
remove contractile prote ins results in a 
residual cytoskeleton and subsequent 
electrophoretic separation led to the 
isolation of a 50-55,000 dalton protein 
termed " desmin " by Lazarides and Hubbard 
119761. Thi& protein has now been 
prepared from adult mammalian skeletal 
muscle !O'Shea Jl.l. 4.l. ., 19811. These 
authors also reported the reconstitution 
of 10 nm filaments from purified desmin. 
In skeletal muscle desmin, alternatively 
called ske letin, has been identified in 
the per1phery of the Z-disc in 
filamentous form !Robson .e...t. a,l ., 19811. 
The unique honeycomb structure of desm1n 
in interconnected Z-discs !Figure 4) 
leads to the conclusion that this 
protein, along with actin and a-actinin, 
comprise this structure. The latter 
protein g1ves a fluorescence pattern that 
is complementary to that of desmin, 
indicating their intimate association. 
Possible roles for desmin in muscle were 
proposed by Lazarides 11980, 19821 
including the linking of Z- discs leading 
to an integration and alignment of 
contractile elements as well as functions 
during biogenesis . Figure 5 s h ows how 
desmin might function as a part of the 
muscle cel l cytoskeleton . The evidence 
gathered to date on desmin strongly 
s uppo r ts its inc lu sion as a major component 
o f the muscle ce ll cy toske l eton . 
Desmin & vimentin Z disk 
fi l aments o. actinin & actin 
Figure 5. Diagram of desmin location in 
skeletal muscle. Source: Lazarides 
tl980l; used with permission . 
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Figure 6. High resolution scanning 
electron micrograph of cytoskeleton of 1 
wk o ld chick skeletal muscle culture. HT 
- microtubules; IF - intermediate 
filament; HF - actin microfilament; 
arrowheads - presumed elements of the 
sarcoplasmic reticulum. Bar = 0.5 urn. 
Source: Ip and Fischman, 1979; used with 
permission. 
Thus far two components of the 
muscle cell cytoskeleton, a gap filament 
compose d of the protein connectin and an 
1ntermediate filament composed of the 
protein desm1n, have been identified . 
Table 1 summar1zes their characterist1cs. 
Certain ly other elements may exist and be 
demonstrated in the future; new 
myofibrillar prote~ns cont1nue to be 
reported tGrea5er tl al., 19811. With 
what is already known, however, an 
integrated muscle cell cytoskeleton can 
be env1saged that consists of a three -
dimensional framework made up of lateral 
components (intermediate filaments ) 
linked to axial components tgap 
filamen ts ) at the level of the Z-disc. 
Whether the two el8ments interact 
directly or through a third constituent 
such as a-actinin is, at present, unknown 
but see Wang and Ramirez-Mitchel! <19831. 
It will be noted that most of the 
direct evidence gathered thus far to 
support the existence of a cytoskeleton 
in muscle cells has been gathered by 
transmission electron microscopy and 
protein isolation techniques followed by 
immunofluorescence. It is always more 
convincing if parallel proof can be 
gained by a different approach and, 
considering the three-dimensional 
information that can be obtained using 
the scanning electron microscope I SEMI, 
this would appear to be a useful tool in 
the study of cytos keletal elements. The 
MUSCLE CELL CYTOSKELETON AND TEXTURE 
Table 1: Characteri sti cs of gap filame nts and i ntermed iate filamen t s of skeletal muscle cytoskeleton . 
Characteristic Gap f il aments Intermed i ate fi 1 aments 
Physica l form 
Locat i on 
"' 2 nm di a. filaments 
Co nnect A band to Z- di sc (?) 
extend to sarcolellllla 
"' 10 nm di a. f il aments 
Peri phery of Z-di sc -
ext end to sarco l emma 
Function Intrace ll ul a r e l asticity and 
tensile strength 
Connect adjacent Z- discs, 
provide l at eral reg i stra t ion 
Constituent protein 
Mol ecular Weight 
Yie l d (% of myof i br i llar 
pro t ein) 
Post -mortem degradat i on 
Co nnect i n (tit in ) 
760 , 000-1, 000,000 
5. 5% 
Suscepti bl e to 
pro teo lys i s 
Desmin (ske l et i n) 
55 ,000 
D. 35% 
Suscept ibl e to 
pr oteolys i s 
Infl uence of temperature 
Solubility 
Survive cooki ng 
Insolub l e in physio-
logical solutions 
Inso l uble in physio -
l ogical so l utions 
Enzymat i c function None 
pro blem , o f course , is one of inadequate 
resoluti o n . I p an d Fi s chman 11979 1 hav e 
adv ance d this goal t h rough the use of 
high r e s o l u t ion S EM to study i s o l a ted and 
~ ~ cyt o skeletal elements from 
s evera l s o u rc es !Figure 6 J . These 
au t hors conclude that with suitable 
spe cime n p r eparatio n it is po ss i ble to 
re s olve and identify v arious elements o f 
the c y tos kele t on and to obtain dire ct 
three - dimensi o nal i n formation on their 
o r g ani z a tion .i.n ~ by using t he S EH . 
P o s sible Relatlqn pf the Cytpskeletpo 
.t o HAat Texture 
In t h e f ollowing dis c us sion it will 
b e a ss u me d that g ap fi lamen t s and 
inte r med1at e filame n ts do exist in mus c le 
c e l l s a n d t h a t t he y approx imat e t h e 
s t ructura l fun c ti o n s outlined i n the 
previou s section. To postulate a role 
f o r t h e se el eme nts in meat tex ture , o n e 
must inv e st i gate ho w the y are stabiliz e d 
.i.n .s...i..t..l.l. , the i n f luen c e of the p o s t-mo r t em 
env iro nm e nt and the effec t of c o o king . 
Ev idence for c ytoskelet a l 
stabilizers i s s c arce . Hc Collester and 
Semente 119661 repo rted the nucle o tide 
pyrop hosphate flavin adinine dinucleotide 
lFAD I e f fe c ti ve in this role but the s e 
findings hav e been questioned tsee ne x t 
se c t ion ) . Wh ile this seems the onl y 
direct obs erv ati o n re corded , o n e c an 
s pe c ul a te that si nce the former wo rker s 
found c alcium ions and incubati o n 
necessary for c ytoskele t al breakd own an 
endo geno us enzy me c a l cium a c ti v ated 
neutral pro tea s e CCANP seems a likely 
candidate ) is invo l v ed in degradation . 
Whether this e n z y me would hydrolyze 
filaments or their attachments to other 
st r u c tures i s not known. 
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None 
Post - mortem mu s cle tissue i s 
degraded by pro teo lyt i c enzy me s ! Penny, 
19 8 0; Dayton .fl...t. .aJ. . , 1 981 1 and it has 
been f ound that both desmin ! Ro bson .fl...t. 
.aJ. ,, 1 9 811 and conne c t i n !Takahash i and 
Saito, 19791 are sus c epti b l e to 
pr o teolysis. The latter auth o rs reported 
c onne c tin levels fell t o zero within o ne 
day in chicken breast mu s cle and within 7 
day s i n rabbit mus c le; Ro bs on at. .a.l. . 
11982 1 stated 80% of the de s min present 
in adult mammalian mus c le was degraded in 
seven days at c old room temperatu r e . 
Thu s, whatever c o n t ribu t i o n t hese 
st ruc t ures may hav e made t o t he phy s ical 
pr o pe r ti e s of fre s h mu sc le wo u ld b e 
diminished as a re s ult o f cond i ti on ing 
a nd v a r i ations in t e nde r ness may be 
rel a ted to the degree of cytos kele t a l 
b r e a kdown . Less i s k no wn about t h e 
e ff e c t of heat on the cytos keleton . Gap 
f i laments fr om unag ed t issue a r e r e p o r t e d 
to s urv i v e coo king CLoc ker JLt. JLl ,, 1977 I 
bu t l i t t le is known o f it s inf l uenc e on 
i n t ermediate f i laments . 
It would seem, there f ore, t ha t b o th 
the known c y toskeletal c ompo ne nts hav e 
the c apa c ity to be qualitatively related 
t o meat tenderness and the physical 
pro perties of muscle tissue . Evidence, 
or e ven speculation , for their direct 
inv o lvement in these proc e s ses is 
limited , however . The existing 
li t erature may be summarized as follows : 
Gap filaments 
A I The d i sappearance of connec tin 
correlates with the loss o f about 
30 % of muscle elasticity lTakahas hi 
and Saito, 19791 . 
D.W. Stanley 
81 Based on tensile properties and 
elec tron micrographs Locker and Wild 
11982cl concluded that only gap 
filaments and collagen define the 
tensile strength of cooked mus c le . 
Intermediate filaments 
A) Structural changes occur in the z-
disc, the location of desmin, as a 
result of conditioning which are 
reflected in increased tenderness 
<see review by Penny, 19801 . 
81 There may be some relation between 
post - mortem alterations in desmin and 
water holding capacity !Robson ~ 
.a.l. . • 198ll . 
It is possible to postulate e vents 
in the post-mortem muscle cell that would 
make the breakdown of the c ytoskeleton a 
major factor in tenderness. If the 
result of endogenous proteolys1s was 
disconnection of the previously 
integrated units and not their total 
breakdown, the cytoskeleton would lose 
its functional role without any great 
change in its structure . Regarding this 
point, Locker .e...t. .a..l. 11977 1 observed that 
the changes produced in gap filaments by 
muscle proteases were not evident in 
uncooked tissue but that heating caused 
their disappearance. Thus, if the 
function of the cytoskeleton is lost, the 
myofibrils may disengage and present less 
resistance to masticatory forces. 
Relation pf thA MpscJe C eJJ Cy tps keleton 
tg Sarcglemmaa Isolatigo 
General evidence f o r the presence of 
a cytoskeleton in muscle cells resulted 
from efforts to isolate their sarco -
lemmae . Reports by HcCollester 
lHcCollester, 1963; Mc Col lester and 
Semente, 1964 1 described a procedure to 
obtain skeletal muscle cell membranes 
based upon the extraction of 
intracellular contents by water . 
Dissolution of the cell contents could 
only be accomplished following 
homogenization in the presence of ca++ 
ions and an incubation step at 37°C, 
This led the authors to invoke the 
concept of a cytoskeleton which must be 
disrupted before the cell contents could 
be solubilized. The yield of membranes 
was used to monitor the extent to which 
the cytoskeleton had been broken down and 
this reaction was attributed to 
endogenous enzymes. 
Further experimentation by this 
group lHcCollester and Semente, 19661 
resulted in the conclusion that 
nucleotide pyrophosphates, especially 
FAD. stabilized the cytoskeleton since it 
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inhibited the empty i ng reaction . This 
finding was lat er challenged (Stan l ey et 
~· , 1968). With our present knowledg;-
of muscle proteolytic enzymes, it seems 
quite possible that the enzyme 
r espons ibl e for cytoskeletal breakdown is 
CANP which is located in the Z- disc and 
in or near the sarcolemma lOayton tl .a..l . 
19811. While this enzyme has been 
reported to be respons i ble for Z-disc 
breakdown post - mortem , and thus be o f 
importance in tenderness, it is of 
interest to note that the yield and 
properties of a-actinin are unaltered by 
conditioning (see Penny, 19801. On the 
other hand, desmin, another major 
component of the Z-disc, is susceptible 
to proteolysis. Thus, it may be proposed 
that an a ction of the proteolytic enzymes 
active during conditioning of meat is to 
attack the cytoskeleton. If this is the 
case, it should be possible to measure 
this process indirectly t hrough t he yie ld 
of sarcolemmae since this reflects 
cytoskeletal breakdown . The subsequent 
section descri bes the results of 
experiments aimed at testing this 
supposition. 
Preparation gf Sarcgl emmae frgm Beef 
Muscle and Its Belat!gn to Post 
Mortem Cpoditioning 
Prpcedqre 
Two procedures were employed to 
obt ain sarcolcmmae from beef muscle . The 
first was adapted from McCollester (1962) 
and involved homogenization of 20 g of 
tissue {sternomandibularis muscle from 
stee r carcasses obtained at the time of 
slaughter and held for 1-6 days at 0-5°C; 
this muscle contains predominantly red 
fibers) with 200 mL o f cold 15°CJ 50 mH 
CaC1 2 in an Os terizer - type blender fitted 
with a Polytron Hodel BEW cutter !Will 
Scientific, Inc . , Rochester , N .Y. I for 
four bursts of 15 sec. The homogenate 
was strained through cheesecloth to 
remove fibrous connective tissue and the 
muscle cell segments recovered by 
centrifugation at room temperature for 30 
sec in a clinical centrifuge set at full 
speed. The cells, still retained in four 
50 mL centrifuge tubes, were then washed 
three times in a solution of 25 mH NaCl, 
2 . 5 mH histidine buffered to pH 7.4 with 
Iris by gently resuspending the lightly 
packed cells in approximately 45 mL of 
solution and centrifuging as before . 
Following the washing steps, the cells 
were resuspended in the same solution and 
incubated at 37°C for 30 min . The cells 
were then centrifuged, washed once in the 
solution and the cloudy supernatant 
discarded. The residue was taken up in 
distilled, deionized water adjusted to pH 
7.4 with Tris, centrifuged, and the 
sediment resuspended in Tris - buffered 
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Figure 7. Interference light microscopy 
of bovine sternpmandihularis mus c le cell 
segments. a . Following homogenization in 
50 mH CaC1 2 . Note presence of crimp in 
large cell; b,c. Une mptied cells 
following extraction procedure; d,e. 
Partially emptied cell. Note presence of 
transverse striations in unemptied 
portions; f. Empty cell showing adhering 
collagen fibril. 
Figure 9. Scanning electron microscopy 
of unempt i ed cell. Not e presence of 
transverse striations in b. 
water. The tubes were then shaken 
vigorously and the contents added to 
approximately 800 mL of Tris-buffered 
water stirred with a magnetic bar. The 
preparation was held overnight at 0-5°C 
and the degree of emptying quantitated by 
examination with a light microscope . 
Three 5lide s with coverslip& were 
prepared using drops of the stirred 
preparation and counts were made of full 
or partially emptied cells versus totally 
empty cells by scanning the entire area 
of each coverslip at 400x. Toluidine 
Blue 0 dye may be used to help 
differentiate full and empty cells, 
although with some experience this is not 
difficult. Data are reported as the 
percentage of e mpty cells. 
The second method used to prepare 
empty cell segments was similar to that 
of Westort and Hultin 119661 and 
differing only in incubation temperature. 
The preparation was held at room 
temperature lea . 20°CJ instead of 37°C . 
In both cases, controls were added in 
which the tissue was homogenized in water 
but otherwise carried through the rest of 
the standard procedure. 
The purpose of these series of 
experiments was to investigate the role 
of post - mortem conditioning, ca++ ions 
and high temperature incubation in the 
production of beef skeletal muscle 
sarcolemmae since all of these parameters 
have been implicated in cytoskeletal 
breakdown. Thus, the methods described 
above were applied to fresh beef muscle 
and tiss u e that had been conditioned for 
up to 6 days a t 0-5°C. The data from 
this work (Tabl e 21 show the absolute 
requirement for Ca++ ions. They also 
show that emptying did not occur for 
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Table 2. Yield of sarcolenmae from beef skeletal 
muscle. Effect of post-mortem conditioning and 
procedura l variation on percenta9e of empty cells. 
{Data are average of two animals). 
Post-mortem Homogenizing media 
water 50 i!t-1 CaCl 2 
conditioning Tern~. of incubation 
(days) 
Room Temp. 37•c Room Temp. 37•c 
I 0 0 0 0 
3 0 0 0 0 
6 0 0 81 69 
ll.W. Stanley 
r~gor muscle or t~ssue kept only 3 days 
at 0-5°C, but occurred read1ly after 6 
days of conditioning. Incubation 
temperature did not produce a significant 
effect under these conditions. 
Micrographs were taken of the cells 
at various stages of the emptying 
process. Figure 7a shows a typical field 
of the homogenized tissue under low light 
microscope magnification. Note that 
several of the cell segments indicate the 
presence of crimp. As mentioned, the 
muscle tissue used in these experiments 
was removed from the carcass immediately 
post-mortem and thus went into rigor 
unrestrained which may explain their 
contracted appearance. It was observed 
that these bands were no longer apparent 
in unemptied cells at the end of the 
procedure. In Figures 7b and c may be 
seen two cell segments that have 
undergone the complete procedure but 
wh~ch did not empty. It will be observed 
that in both cases the cell contents have 
ballooned out, in 7b from the cut end and 
in 7c in the middle of the cell segment. 
Scanning electron micrographs of a 
similar cell gathered on a 45 urn 
Hillipore filter and subsequently 
cr~tical point dried and coated !Figure 
8) show what appears to be a constricting 
sarcolemmal envelope holding in the cell 
contents; where these have escaped from 
the envelope characteristic transverse 
bandings of myofibrils can be observed 
which indicates that in unemptied cells 
Z- discs rema1n intact. The ballooning 
effect was more prevalent as conditioning 
time increased, suggesting that it 
results from a failure of transverse 
structures. Presumably it is this 
failure of transverse elements imping~ng 
upon the sarcolemma that makes emptying 
possible. 
Partially emptied cells are shown in 
Figures 7d and e. The unemptied portions 
may show transverse banding and the 
emptied tube is characterized by what may 
be interpreted as collagen fibers. 
Figure 7f, an emptied cell segment, 
displays in the lower left corner, a 
typical fiber thought to be an adhering 
strand of collagen. An isolated cell 
membrane was photographed at higher 
magnification using three different 
planes of focus !Figure 91. Presumed 
collagen fibers may be observed in 
apparently random orientation. 
Co nclu s i ons 
It is not difficult to r econci l e the 
results of these experi ments with ~hat 
is known of the muscle cell cytoskeleton . 
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Figure 9. Interference light microscopy 
of empty cell segments taken at three 
planes of focus. Note presence of 
collagen fibrils and their random 
orientation. 
The requirement for Ca++ ions and six 
days of post-mortem conditioning are 
consistent with a hypothesis that 
ascribes muscle cell emptying to a 
breakdown of the cytoskeleton by a 
calcium activated endogenous proteolytic 
enzyme. Of particular interest is that, 
in this system, emptying only occurs 
following a conditioning period which 
normally produces significant tenderizing 
in beef muscle I Stanley, 1983). While 
much more research is required in this 
area, these preliminary results indicate 
that muscle cell emptying may be a 
simple, albeit indirect, measure of 
breakdown of at least the transverse 
elements of the cytoskeleton which, in 
turn, may reflect the tenderization 
phenomenon occurring in conditioned meat. 
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Discussion with Rev i ewers 
S H Coh en: Would the author comment 
the conclusion made by Ullrick .e...t. .a..l . 
IUllrick W C, Tosell P A, Chase 0 and 
Dasse K. I 1977 1 . Are there extensions of 
thick filament s to the Z-line in 
vertebrate and invertebrate s tr1ated 
muscle? J. Ultrastruct. Res . ~: 263-
27 11 tha t '' extension of th e my osl n -
containlng f1laments to the Z- line are 
present 1n invertebrate fligh t mu scl e, 
but that we find no evidence to s uggest 
that they are present in vertebtate 
muscle"? 
Author : Al though the existence of 'gap 
filaments ' has been challenged by the 
above authors, there is a compelling body 
of bo t h e xpe r imental and theoretical 
evidence dating from the mid-SO ' s (see 
text) that lead to the conclusion that , 
in fact , t his proposal must be taken 
seriously. 
S H Cohen: Does the author have any 
experimental evidence on the integrity of 
the sarcolemmae as indi cated by the 
r etention of enzymatic act i vity ? 
~: No, our experiments thus far 
have c entered on determi n ing the 
percentage of empty tubes produced by 
va rious experimental conditions through 
microscopi c rather than chemical means. 
It should be noted that it has been shown 
that 1solated sarcolemmae exhibit ATPase 
activity but several glycolytic enzymes 
were not found IHcCollester 0 L and 
Randle P J (1961). Isolation and some 
enzymatic activities o f muscle cell 
membranes. Biochem . J . La: 27 pl . 
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P.B . Bell : Can the author r elate the 
results obtained by the " sarcolemmal 
emptying" assay to mo r e direct ways of 
examining the cytoskeleton of muscle 
fibers? 
~: Work is presently underway i n 
this laboratory to attempt to determine 
the relationship between the emptying 
reaction and both chemical and structural 
analyses . 
S H Cohen: The author considers o nl y 
CANP as contributing to the breakdown of 
the cytoskeleton. Could any other 
enzymes be involved? 
~hQL : Aft er reviewing the available 
evidence , it was concluded (fenny, 1 9801 
that ''CANP has clearly been shown to be 
the enzyme most likely to be involved li n 
conditioni ng! because its activation by 
ca++ i o ns explains the accelerating 
effects o f Ca++ ions on conditioning and 
it can mimic the c hanges observed during 
conditioning .· It remains to b e 
established if other proteolytic enzymes 
found in mus c le c ells such as c a t hepsi ns 
8 and 0 have a role in breakdo wn of the 
cytoskeleton. 
R.H. Locker : Since the paper begins on 
the theme of meat textu r e and tendern ess , 
it shou l d have paid more a ttention to 
cooked meat . Tenderness i s assessed on 
cooked meat , where the relative significa-
nce of filaments is total ly changed . I 
have attempted to disc u ss this in detail 
for myofibri l lar filamen ts i n papers 
presented at the Reciproca l and European 
Meat Conferences in 1982 . The G-filam ents 
have proved to be the survivors , even on 
extre me cooking. 
The fate of the transverse "honeycomb'' 
of desmin on cooking has had little atten-
tion . However in 1 976 Davey , Niederer and 
Graafhuis (J. Sci . Fd. Agric. 27 , 251) 
showed that links between the Z- l ines of 
adjacent myofibrils su r vived cooking 
(40 min., 80°C). This evidence of course 
says nothing about strength . 
The questions of whether the critical 
junctions between axial and transverse 
elements defor m under tension to provide 
a x ial strength also remain unanswered . 
Author: I agree with you t hat these arc 
important considerations for future work 
in this area. 
J . M. Squire : Are micrographs, such as 
those sho wn, thought to represent hard 
evidence about the state of a particular 
cell? Would it not be possible to compare 
pe ll eted and solub l e mass under t he 
va rious conditions used , to get good 
quantitative data on the emptying of cells? 
Author: The answer to the first part is 
yes:--work is ongoing regarding the second 
part and we hope to report on it in near 
future . 
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Abstract 
Porcine Stress Syndrome (PSS) is a genetic 
trait causing considerable economic loss to the 
swine industry through stress related death and 
the poor quality meat known as pale, soft, 
exudative (PSE) pork . A scanning and transmission 
electron microscopic examination of muscle 
biopsies from stress susceptible pigs revealed 
contracture bands , wide separation of myofibers 
and focal distortion and dissolution of myofibril s . 
The changes affecting myofibrillar character-
istics and intra and intercellular accumulation 
of material suspected to be myop la smic fluid in 
biopsies of halothane reactors suqqest that the 
myopathic a l terations presaging the carcass 
deterioration into pale, soft , ex udative pork are 
integrants of this syndrome and that the PSE 
trait may not be a postmortem change triggered by 
the environmental factors just prior to or during 
slaughter. 
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Introduction 
Porcine Stress Syndrome (PSS) is one of the 
major economic threats to modern day swine 
industry . The economic impact from this syndrome 
is two pronged with a major l ass inflicted on the 
breeder through death in response to environ-
mental stress, and a substantial loss to the meat 
industry and consumers from the inferior carcass 
quality of the pigs which survive until slaughter 
time. The undesirable carcass changes include 
the development of pale, soft, exudative (PSE) 
pork or dark , firm, dry (DFD) meat, depending 
upon the glycogen leve l in the muscles at the 
time of slaughter (Briskey, 1964). 
Previous investigations on stress suscep-
tible pigs have shown that the trait occurs at a 
high frequency in some breeds and that it has a 
genetic etio l ogy (Sybesma and Eikelenboom, 1969; 
Williams et a l, 1977; flebb, 19BO). The 
incidence is higher in breeds whi ch exhibit rapid 
growth rate, high feed efficiency and heavy 
muscling (Nelson, 1973). The advers e and often 
fatal reaction is elicited by a variety of forms 
of s tress including transport, c rowding , 
fighting, restraint, temperature flu c tuation, and 
exposure to drugs includin g hal o thane (Williams, 
1977; Britt, 1972). The c linical symptoms of 
stress reaction include an increa se in heart 
rate , muscle tone, cyanosis and body tempe rature 
(Britt , 1972; Gronert , 1980). The stress syn-
drome in pigs is similar to the condition recog-
nized as malignant hyperthermia in man {Williams, 
1977) and in both conditions, muscle enzymes 
including creatine ki nase (CK) leak out into the 
c ircula tio n because of a defect in muscle cell 
membra ne (Britt, !972; !974) . It has been postu-
lated that cells other than muscle {such as 
erythrocytes) may have defective membranes 
(Harrison and Verburg, 1973) and that the syn-
drome in man and pigs exhibits varying degrees 
of myopathy (Buxton, 1980). 
The objectives of our investigation were to 
examine the scanning and transmi ssion microscopic 
images of muscle biopsies in order to determine 
whether or not myopathic alterations related to 
the "watery pork" characteristic are detectabl e 
in biopsies of boars which were previously clas-
sified as either stress susceptible or normal 
on the basis of their response to halothane 
cha ll enge . 
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Materials and Methods 
Halothane Test 
For the halothane test, the boars were 
restrained on their back in a V-shaped backboard 
and were allowed to breathe halothane 
(Somnothn.neR) in oxygen through n tight - fitting 
face mask for five minutes. Halothane in oxygen 
was administered by a Narcovet Veterinary Anes-
thesia Machine at a concentration of 4.0% for 
the first three minutes and 2 .0% for the last 
two minutes. During the admi ni strati on of ha 1 a-
thane, the boars were carefully observed for 
signs of muscular rigidity, and the flexibility 
of the limbs w'ts tested frequently. Boars that 
showed muscular relaxation during anesthesia 
were classified as normal or nonreactors to 
halothane (Eikelenboom and Minkema, 1974). A 
positive reaction to halothane was recorded if 
muscular spasm and progressive rigidity were 
observed and when the hindlimbs became stiff and 
extended . Addit ional signs of a reactor to 
halothane during anesthesia included laboured, 
open-mouthed breathing and blotchy cyanosis of 
the skin (Eikelenboom and Minkema, 1974; Hebb, 
1980). 
All halothane reactors were removed from 
the challenging agent and subjected to surface 
coo 1 i ng by water spray from a hose. 
Collection and Preparation of Muscle 
The animals included in this study were 
halothane tested boars belonging to the Yorkshire 
and Land race breeds (Table l). They consisted of 
si x normal and six halothane reactors which were 
revived and maintained for approximately four 
months prior to subjecting them to the biopsy 
procedure. 
Skeletal muscle samples were obtained from 
the medial portion of the gracilis muscle. For 
the biopsy procedure, the nonreactors were 
anesthetized with halothane in oxygen and the 
reactors were anesthetized by intravenous admini-
stration of thiopental sodium (PentothalR). 
Muscle samples were placed in Hanks' bal -
anced salt solution (HBSS) immediately after col-
lection . Pieces of muscle, approximately 10 mn 
in length and 4 nm2 in cross section were dis-
sected out and placed in such a way that the 
myofibers were in longitudinal orientation when 
the specimen was tied at each end with a surgical 
silk thread prior to fixing on to a cork to 
prevent contraction . The specimens were immersed 
in fixative consisting of 5.0% glutaraldehyde in 
0.1 M phosphate buffer (pH 7.4) for 12 hours. 
Some of the samples were then cut into 1 llln 3 
pieces, washed in phosphate buffer se veral times, 
and post-fixed in phosphate buffered 1. 0% osmium 
tetroxide for one hour. The tissue pieces were 
then rinsed in phosphate buffer, dehydrated in a 
graded series of ethanol, infiltrated in Epon 
via propylene oxide, flat-embedded in Epon in 
aluminium weigh boats and po lymerized at 600C 
for 48 hours. 
Epon embedded specimens were cut with a 
jeweller 's saw and affixed to blank Epon blocks 
with the five minute epoxy glue and 1.0 ul'l 
sections were cut with a Reichert OMU2 ultra-
microtome for light microscopy. Areas of 
interest were selected for ultrathin sections 
( 60-150 nm} which were moun ted on uncoated 300 
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mesh grids and were contrasted in 2.0% ethanolic 
uranyl acetate and lead citrate and examined in 
a JEOL lOOS transmission electron microscope. 
Samples from glutaraldehyde fixed muscle 
specimens were cut obliquely with a c lean razor 
blade and varying levels of the cut surface of 
the muscle cells were exposed by gently detaching 
the cut ends, prior to processing the samples 
for scanning electron microscopy according to 
procedures outlined previously (Basrur and 
Basrur, 1977). 
Results 
The ultrastructural features of muscle 
from nonreactor pigs were generally similar to 
those reported for norma 1 marrrna 1 ian muscle. 
Muscle samp l es from halothane reactors showed a 
variety of changes including hypercontraction, 
widened interfibrillar spaces, alterations in 
the Z-bands , disorientation and dissolution of 
myofibrils, and bizarre orientation of myofibril-
lar remnants at right angles to the long axis 
of the muscle cell (Figs . 1 to 5) . Scanning 
electron mi croscopic studies showed that the 
surface contour of the normal muscle (from halo-
thane nonreactors) is relatively even and that 
in the fractured regions the myofibrils were 
stacked in very close apposition to each other 
(Fig. 6). In halothane reactor muscle samples, 
individual muscle fibers were noted in hyper-
contracted state adjacent to relatively normal 
muscle fibers (Fig. 7). Aggregates of material 
probably including myoplasm that has segregated 
and leaked out of the muscle cells (Fig. 8) 
were noted in the intercellular space and within 
individual muscle fibers. The myofibrils to-
ward the periphery of individual muscle cells 
were often noted to branch and stretch towards 
those of adjacent muscle fibers (Fig . 9) and 
myofibr illar bundles exhibited varying diameters 
and were separated from each other (Fig. 10). 
Fig . 3. A muscle fiber from a halothane reactor 
boar showing separation (S) of the fibrillar com-
ponents and myop la sm (MP) almost devoid of organ-
elles. Note the nucleus (N) that has moved to~1ards 
the centre from its character i stic position on the 
periphery of the muscle . 
Fig. 4 . ~1uscle fibers of a halothane reactor boar 
showing bulged segment of a narrow muscle strap 
( BS) displaying varying degrees of myofi bri 11 ar 
alterations including stretching, separation and 
dissolution . Note the relatively normal mito-
chondria (~I) and a lysosome-like body (L) in the 
myoplasm (MP) devoid of contractile elements. 
Fig. 5. Peripheral region of a muscle fiber from 
a halothane reactor boar s howing bizarre organ-
ization of myofibrils (MF). Note the electron 
dense central region (CR) and the disoriented Z-
bands (Z) on myof ibrils radiating in all directions 
from the dense structure. 
Fig . 6. Scanning electron microscopic view of a 
musc le biopsy from a normal (halothane nonreactor) 
boar. Note the smooth contour of four myofibers 
(1 to 4) and the two leve l s of the muscle surface 
exposed with (l to 3) and without (4) basement 
membrane (arrow). Note also the myofiber (5) dis-
playing the closely packed nature of the myo-
fibrillar bundles (MF). 
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Fig. 1. A muscle biopsy sample from a halothane 
reactor boar showing contracture bands (CB) in a 
few myof i brillar bundles adjacent to apparently 
normal bundles (MF). Note the foca l nature of the 
contracture involving 13 to 14 bands, and the 
s i gns of detachment of the sarcomere (open arrows). 
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Fi g. 2. A muscle biopsy sample from a reactor 
boar showing disso l ution of contractile elements 
and the remnants of contractile e l ements (arrow) 
towards the plasma membrane (PM) . Note the remnants 
of the T-system (arrowhead) and the wide space (S) 
between myo fibrillar bundles . 
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Fi g. 7. Surface view of muscle cells from a 
halothane reactor boar showi ng a myofiber exhibit-
ing hypercontraction (HC), among apparently normal 
myofibers. 
Fig. 8. An exposed view of the muscle from a 
halothane reactor boar . Note the bulged areas 
running almost parallel to the fibers, probably 
representing myoplasm (MP) that has segregated or 
leaked out of the muscle. 
The ultrastructural changes observed in 
skeletal muscle samples of halothane reactor 
(stress susceptible} boars and boars which exhib -
ited normal reaction to halothane are surrrnarized 
in Table 1. Evidence of myofibrillar dissolu-
tion and the presence of vacuoles of varying 
size and number, were stri kingl y more prominent 
in the reactors although one of the boars class -
ified as normal t4L; NR) also exhibited these 
features. Hypercontraction of individua ·l musc l e 
fibers, however, \'las noted on l y in the reactors 
(Table IJ. 
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Fig. 9. 11yof i brillar disorganization in a muscle 
fiber of a halothane reactor boar. Note the 
fibrillar branching (MF) and extension to the 
nei ghbouring myofi bers (arrows). 
Fig. 10. Myofibrillar bundles from a halothane 
reactor boar showing wide space (S) between indi-
vidual myofibrillar bundles. Note the contracture 
bands ( CB) in these myof i bril s. 
It is worthy of note that the muscle 
biopsies of all reactors included in this study 
exhibited t\'10 or more of these alterations 
{Table 1) . In addition to these, muscle 
biopsies of halothane reactors also exhibited 
the presence of strap-1 ike fibers, displacement 
of m_!'Onuclei from their peripheral l ocation 
towards the center, accur:1u l ation of glycogen 
granules and the presence of lamellated bodies 
in varying proportions of the muscle fibers. 
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Table 1. Comparison of Skeletal Muscle Alter-
ations in Landrace and Yorkshire Boars Identi-
fied as Reacto r s and Nonreactors to Halothane 
Challenge. 
Boar # 
and Hyper-
Status Contraction 
Vacuol at i on Myofibrillar 
of t~yoplasm Dissolution 
!Y;NR 
2Y;NR 
JY;NR 
4L ; NR ++ 
5L;NR 
6L;NR 
7Y;R ++ ++ +++ 
SY;R ++ ++ ++ 
9Y;R ++ 
!OL;R +++ ++ 
l!L;R +++ ++ 
!2L;R +++ ++ ++ 
Y: Yorkshire NR: Nonreactor to Halothane 
L: Landrace R: Reactor to Halothane 
Discussion 
Our transmission and scanning electron 
microscopic studies show that the biopsy speci-
mens from stress susceptib le boars exhibit fea-
tures which may be causally related to the 
tendency of these animals to develop pale, soft, 
exudative (PSE) pori<. The characteristic fea-
tures relevant to this phenomenon are the abun-
dance of non-myofibri11ar material accumulated 
between individual myofibri 11ar bundles, hyper-
contraction, deaeneration and dis solution of myo -
fibrils. and the accumulation of materia l resem-
bling myoplasm within and between muscle cells . 
The widened interfibrillar space and the disori-
entation of individual bundles of myofibrils are 
probably related to the fluid segregat ion in 
muscle cells whereas the presence of strap-like 
fibers and the displacement of myo nuclei may be 
indicative of the regenerative process taking 
place in response to the degeneration of indi-
vidual musc le fibers in stress susceptible boars. 
Briskey (1964) and Briskey and l~ismer­
Pedersen (1961) reported that there is no change 
suggestive of degeneration in gross appearance or 
in histological features at the time of slaughter, 
in musc les which ultimately become PSE . These 
investigators believe that the PSE condition is 
attributable to accelerated postmortem glycolysis 
and that the degree of muscle hydration is re -
lated to the extent of rigor mortis. However, 
flilliams, et al. (1977) have noted that excess 
heat generation occurs in PSS muscle 14 minutes 
before rigor mortis develops and have suggested 
that rigor, which also can cause heat production 
is secondary to the other metabolic changes in-
c luding tissue acidity, ATP dep let ion and the 
elevation of sarcoplasmic ca l cium levels. These 
investigators also demonstrated that heat produc -
tion occurs through futile cyc li ng in PSS muscle 
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before slaug hter and that the alteration in 
muscle cel l components and the development of 
PSE muscle postmortem may be related to this 
phenomenon (Hill i ams et a l . , 1977). 
Histological and ultrastructural changes 
during postmortem autolysis of muscle samples 
from normal and stress reactor pigs have been 
examined by various investigators lBriskey, i964 ; 
Uutson et al., 1974). The most striking post-
mortem difference between PS£ muscl e and normal 
musc l e was in the extent of derangement in mito -
chondria and sarcoplasmic reticulum and in the 
disruption of myofibrillar organ iza tion {Dutson 
et al., 1974). Myofibrillar disruption and a 
tendency for longitudinal spl itting were gen-
erallymore pronounced in the white fiber type 
as compared to the red fibers in muscle samples 
subjected to postmortem autolysis (Abbott et al 
1977). A recent scanning and transmission 
electron microscopic study on cryofractured 
longissimus dorsi muscle samples collected 
immediately after slaughter from pigs genetically 
predisposed to different degrees of stress, re-
vealed changes similar to those described in 
this report (Cloke et al., 1981). These investi -
gators a 1 so noted that the connective tissue 
investment of individual muscle fiber is de-
tached and that the plasma membrane is disrupted 
in stress susceptible pigs and postulated that 
the extent of plasma memb r ane disruption noted 
in stress susceptible pigs may be indicative of 
the relative fra gility of their muscle and con -
nective tissue components. All these studies 
on PSS pigs (Cloke et al., 1981 ; Dutson et al. 
1974; Briskey, 1964; Venable, 1973) relate to 
the state of musc le samples at the time of 
s laughter or at different intervals after 
s 1 a ugh ter. Our studies were conducted on bi op-
sies which represent the status of muscle in the 
1 ive animal with the exception that they were 
exposed to anesthetics during biopsy collection. 
The reactors were anesthetized with sodium 
penthothal instead of halothane in order to avoid 
a stress reaction from halothane exposure at the 
time of biopsy collection. The difference noted 
between the musc le samples of halothane reactors 
and non-reactors cannClt be attributed to the 
difference in the anesthetics used since sodium 
pentothal or sodium thiamylal does not trigger 
stress reaction in pigs (Jones et al. , 1972). 
Furthermore, the biopsy col l ection was accom-
plished within 20 minutes of induction, at which 
time no difference was noted in our pilot study 
on muscle samp le s col l ected from normal pigs 
anesthetized with halothane, sodium pentothal 
or sodium thiamylal. The similarity between the 
ultrastructural alterations in biopsies of stress 
susceptib l e pigs in the present study and those 
reported in pigs subjected to fatal stress reac-
tion cr isis (Venable , 1973) further supports our 
view that the myofibrillar alterations reported 
here represent a real difference between stress 
susceptible and normal boars. 
It has been hypothesized previously 
(Briskey, 1964; Swatland, 1980) that the PSE 
trait is precipitated by environmental factors 
that induce stress in a genetically predisposed 
animal. The environmental factors that 
P.K. Basrur , S. Frombach, et al. 
aggravate stress suscept i bility include trucking, 
fighting and crowding t r auma related to trans -
portation to the slaughterhouse. The variable 
expression of PSE trait in pigs previously iden-
tified as stress susceptible has been attributed 
to the variability in the deqree of pres laughter 
trauma and postmortem environmental factors 
(Swatland, 1980; Cassens et al., 1963; Barton-
Gade , 1981). Our observations on muscle biopsies 
indicate that alterations relevant to the PSE 
trait are a lready present in PSS muscle in vivo, 
and that evidences of a membrane defect and--
myopathy postulated in porcine stress syndrome-
malignant hyperthermia complex (Lucke et al., 
1979; Britt, 1974; \·lilliams, 1977~ Gronert, 
1980) are recognizable in stress susceptible 
pigs with the aid of scanning and transmission 
electron mi eros copy. 
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Discussion with Reviewers 
M. Ashraf : Please define myoplasfll as discussed 
1n F1gure 8 the "myoplasm" appears to be a 
contracted blood vessel. 
Authors: The tenn myoplasm is used in Figu re 8 
to desc ribe the SEM imaoe of the i ntracellular 
material similar to t he -TEM il'lages free of myo -
fibrils shown in Figures 2 and 3. Images simi lar 
to that identified as myoplasm in Figure 8 were 
noted scattered irregularly withi n and betl'leen 
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muscle fibers in our material and in the illu-
strations of muscle sample from stress suscep-
tible pigs of the Pietrai n breed examined by 
Cloke et al (1981) . It is possible that the 
area marked as myoplasm in figur~ 8 contains 
interfi bri 11 ar mi tochondi ra and remnants of 
sarcop lasmic reticulum (as shown in Figure 2). 
However , we believe that the bulk of what is 
marked as myoplasm represents intracellular fluid 
(myoplasm) with or without disintegrated sarco-
tubular system. 
~Je do not believe that it is a blood vessel 
s i nee erythrocytes or 1 eukocytes were never 
detected in areas where these "structures" appear 
to be disrupted or discontinuous . 
Reviewer 4: The muscle samples of the reactors 
were taken after a ma l ignant hyperthermia reac -
tion, rather than before. Could it be that some 
or a 11 of the changes observed were due to the 
reaction itself rather than being present genet-
ically prior to the drug administration? 
Authors: The biopsy samples were obtained from 
~approximately 4 months after they were 
subjected to halothane challenge . ~Je believe 
that the in terva 1 between the ha 1 othane test 
and biopsy collection is long enough to ensure 
that the abnormalities are not the direct results 
of a halothane-induced stress reaction. At the 
time of biopsy collection no clinical sign of 
malignant hyperthermia was detected in the 
reactors. The anesthetic drug (sodium pentothal) 
used for biopsy collection from the reactors, 
does not trigger a stress reaction in stress 
susceptible pigs (Lucke et al, 1979; Jones et 
al, 1972). 
M. Ashraf: Are the changes discussed specific to 
Porcine Stress Syndrome: How are they related to 
other known ske l etal muscle myopathies? 
Authors: Some of the changes noted in muscle 
samples of stress suscept ible pigs , such as myo-
fibrillar disintegration, hypercontraction and 
displacement of nuc l ei are also noted in a 
variety of human myopathies (Buxton, 1980). 
Williams (1977) had postulated that myopathy may 
be an integral part of malignant hyperthermia in 
man and stress susceptibility in pigs. Our 
biopsy materia l whi ch showed myopathic changes in 
all stress susceptible pigs emphasizes the point 
that these changes may be the physical basis, or 
the forerunners , of the PSE trait which is gen-
erally considered to be the result of postmortem 
deterioration of muscle in certain genotypes . 
K. Lundstrom : Have you checked pigs that do not 
react to halothane but are carriers of the halo-
thane gene (heterozygotes)? 
Authors: In our ongoing stud ies we have exam-
ined the biopsies from a few halothane nonreac-
tors which were subsequently chc!:llenged with 
succinylcholine . Biopsies from boars which 
were nonreactors to halothane and succinylcholine 
were generally free of the severe ultra structura l 
alterations . More notably, we detected occas-
ionally some disparity between the animal's 
response to halothane and the ultrastructural 
features of muscle sample from that animal. In 
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one instance, the biopsy sample from a halothane 
nonreactor boar showed severe myopathic alter-
ations simila r to those reported here. This 
boar later reacted severely and fatally while 
being moved to another pen, exhibiting all the 
clinical signs of ma li gnant hyperthermia. We 
are not sure whether this boar was a "heterozy-
gote" for the ha 1 othane gene . 
C.A. Voyle: Oid the authors attempt to c la ssify 
the muscle fibers, i .e . red, white or intermedi-
ate, which showed altered appearance in the 
ha 1 othane reactors? 
Authors: ~Je did not undertake fiber typing in 
this 1nvestigation. The muscle sample used in 
this study was obtained from gracilis which is 
mainly of the white muscle type and consequently 
a majority of the muscle fibers showing ultra-
structural alterations were of the large, white 
type fibers. However, disintegration of myo -
fibrils were also noted in thinner fibers which 
according to the Z-line criteria used by Dutson 
et al (1974) may well be red fibers. We are not 
sure however, whether these thin fibers are red 
fibers or newly formed strap-like cells re-
su 1t i ng from the regeneration of white fibers . 
C.A. Voyle: \>/hat proportion of the fibers in 
the muscle samples were affected? 
Authors: The proportion of fibers detected 
'Wi"ffiaTterations in musc l e biopsy samples varied 
depending upon the optical system used for ex-
amination. For example, light microscopic exam-
ination of semithin sections showed fibers 
exhibiting hypercontraction, displacement of 
nuclei and vacuolation in 5 to 10% of cells only. 
At the ultrastructural level, myofibri llar alter-
ations, mitochondrial distortions and the pres-
ence of lamellated structures reminiscent of 
muscle degeneration were noted in 15 t o 30% of 
the fibers . One of the striking features of 
these biopsies was that all samples from halo-
thane reactors contained some fibers showing 
unequi voca 1 de generative changes a 1 though these 
were genera lly surrounded by apparent unaltered 
normal muscle cells. 
K. LundstrOm: ~lhich biopsy procedure did you 
use? Is it a surgical procedure with samples 
cut out with a scalpel or did you use some sort 
of biopsy needle? 
Authors : We used the surgica l procedures using 
scalpels to cut out muscle samples . The pro-
cedure introduced by LundstrOm et al (Swedish J. 
Agric. Res . 3:211 - 213, 1973) was not used in our 
studies s i nee we needed 1 a rger samp 1 es to carry 
out our ultrastructural studies and some of our 
other investigations not reported here, inclu -
di ng ..:!...!!_vivo caffeine contracture test . 
K. LundstrOm: You state that the incidence of 
stress susceptible pigs are higher in breeds 
which exhibit rapid growth rate and heavy mus-
cling . I fully agree on heavy muscling, but I 
cannot remember any evidence of higher growth 
rate in stress susceptible pigs. The contrary 
is, however, well known in pigs of the Pietrain 
breed. 
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Authors: Various investigators have reported 
that halothane reactor (stress susceptible) pigs 
exhibit increased muscle growth and increased 
feed efficiency and growth rate relative to 
non-stress susceptible pigs. However in a 
recent report, Webb (1980) states that the stress 
susceptibl e pigs are better than normal pigs on 
food conversion ratio and lean content criteria, 
while the former group performs less well in 
terms of daily food intake and growth rate. Even 
though these two statements would appear to be 
contradictory , it is possible that the lack of 
appetite of stress susceptible pigs combined 
with their genetic predisposition to be muscular, 
is responsible for the apparent superiority in 
food conversion ratio and carcass traits re-
ported in stress susceptible pigs . 
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MILK, DAIRY PRODUCTS 
INORGANIC FOULING OF MEMBRANES DURING ULTRAFILTRATION 
OF CASEIN WHEY. 
Armishaw RF. 1982. New Zealand Journal of Dairy Science 
and Technology Q, 213 - 228. (Ind. Processing Div. DSIR, 
Private Bag, Petone, New Zealand) 
The quantity of inorg. material that accumulates and fouls 
the surface of membranes used in the ultrafiltration (UF) 
of casein whey at 2 New Zealand dairy factories has been 
measured at intervals during one season at one factory and 
2 season s at the other. Inorg. material containing S, P, 
Cl, Na, K, Ca, and Mg was deposited in significant amounts 
during the daily UF operation. The daily 'clean in place' 
(CIP) washing procedure was found to remove most of the de-
posit . However, some CIP-resistant deposit remained, and 
its slow increase with time was found to be principally 
caused by an increasing deposit of Fe. Data from an elec-
tron probe microanalyzer in an SEM is consistent with 
some Fe existing as a form of Fe z OJ. The water supply and 
washing reagents were considered to be a source of some of 
this deposit as they were found to contain insoluble fe 
compounds. The lower concentration of insoluble Fe in the 
demineralized water supply at one factory is consistent 
wi'th the lower rate of Fe deposition on the membranes com-
pared to the other plant, where the water supply was not 
demineralized . A steady decrease in the mass per unit area 
of the membrane was observed during the study. 
THE MICROCRYSTALLINE INCLUSIONS IN GRANA CHEESE AND THEIR 
X-RAY MICROANALYSIS . 
Bottazzi V, Battistotti B, Bianchi f. 1982. Milchwissen-
schaft 37(10), 577-580. (Istituto di Microbial. lattiero-
caseari~ Universith Cattolica, Piacenza, Italy) 
The distribution, structure and chem. compn. of micro-
crystalline inclusions in Grana cheese were studied by 
SEN and X-ray microanal::sis . D!!ring the ri;Jening of G:-ana 
cheese, 2 types of crystals were found. One of them were 
crystalline inclusions, 10 - 20 urn in diam., with a compact 
structure: X-ray microanalysis showed that they were com-
posed of Ca phosphate. These inclusions were abundant in 
cheese 48 hold and older. The other type of microcryst. 
inclusions consisted of large aggregates of needle-like 
crystals 20-50 urn long. These inclusions were found in small 
quantities in ripened cheese: X-ray microanalysis showed 
that these inclusions were composed of Ca lactate . The 
crystals were found to penetrac:e bacterial colonies in 
Grana cheese 8 months old. 
IMMUNOLOGICAL APPROACH TO LOCATION OF .: - CASEIN IN THE 
CASEIN HICELLE BY ELECTRON MICROSCOPY . 
Carroll RJ, Farrell HM Jr. 1983. Journal of Dairy Science 
.§E_(4), 679-686. ( Agric. Res. Service, U.S. Dept. of A~ri­
culture, Eastern Reg . Res. Center, Philadelphia, PA L9ll8. 
U.S.A.), 
The colloidal stability of skim milk is due to .:-casein in 
casein micelles, thus, the location of this protein within 
these complexes has been the subject of speculation. Various 
models have placed oc -casein at the surface, in the interior, 
or distributed uniformly in the casein micelle. By a fer-ri-
tin-labeled double-antibody technique coupled with EM, loca-
tion of oc-casein has been related to casein micelle size. 
Casein r.~icelles with .c -casein located predominantly at the 
periphery of the micelle have diameters of 1420 : 320 '-
~~~~e~~a~;~:;;e~t§~g !< 2~Qsi~n T~~~=t~~s~~~;o~~!y i~h~~~~~~ut 
with the inverse relationship between micelle size and 
<: -casein content and support the model of Slattery (S lattery 
C'..J, Evard R. (1973) Biochim. Biophys. Acta ll.Z.. 529) 
MICROSTRUCTURE OF YOGURT STABILIZED WITH MILK PROTEINS. 
Medler HW, Kalab M. 1983. Journal of Dairy Science 66(3), 
430-437. (Food Res. Inst., Agriculture Canada, OttaWa, 
Ontario, Canada KlA OC6). 
Skim milk yogurts were stabilize d with a variety of casein-
and whey protein-based ingredients. Exptl. yogurts contd. 
1. 51. added protein and were compared to a reference yogurt 
prepd. with 0. 51. gelatin (225 Bloom strength). SEM and TEM 
revealed extensive fusion of casein micelles in yogurts 
prepd. with additional casein. Yogurts prepd. with skim milk 
powder and milk protein cone. were composed of casein mi -
celle chains held together by short links. Na caseinate in-
duced formation of large and extensively fused micelles. 
Yogurts prepd. with 3 types of commercial whey protein cone. 
were similar in structure but differed distinctively from 
casein-based yogurts in that casein micelles were individual 
in nature with intermicellar spaces spanned with flocculated 
protein. 
INFLUENCE OF THE COMPOSITION OF THE MILK FAT GLOBlJLE 
MEMBRANE ON THE RHEOLOGICAL PROPERTIES OF ACID MILK GELS. 
Vliet T van, Dentener-Kikkert A. 1982. Netherlands Milk 
and Dairy Journal 36, 261-265. (Lab. of Dairying & Food 
Physics, Dept. FooOSci., Agric. Univ., Wageningen, the 
Netherlands) . 
Acid milk gels were made by acidification of skim milk 
with suspended fat globules to pH 4. 6 at 4°C, followed by 
heating up at a rate of 0.5 K/min to 30•c. Washed natural 
milk fat globules were used as particles for which cross-
linking between the membrane proteins and the casein gel 
matrix was not expected. As interacting particles recombin-
ed milk fat globules were used, prepared at 40°C by pre-
mixing anhydrous milk fat with skim milk in an Ultra Tur-
rax mixer and then homogenizing twice at 1 MPa and at ca. 
0. 25 HI' a, respectively . In the latter sample, cross link-
ing between the casein adsorbed on the emulsion droplets 
and the casein forming the gel matrix can be expected. It 
was checked by microscopic evaluation that homogenization 
clusters were absent. Schematic diagrams have been sug -
gested to desc ribe matrices composed of interacting and 
non-interacting components. 
CYTOPLASMIC REMNANTS IN MILK OF CERTAIN SPECIES. 
Janssen MMT, Walstra P . 1982. Netherlands Milk and Dairy 
Journal ~(4), 365-368. (Lab. of Dairying and Food Phys., 
Agricult. Univ ., Wageningen, the Netherlands). 
The quantity of cytoplasmic remnants was detd. by fluores-
cence microscopy in the milk of various species (human, 
rabbit, rat, pig, cow, sheep, and goat) and was found to 
be of the orde r of 10-100 mg/kg of the milk. This result 
practically eliminates apocrine secretion as a mechanism 
in milk synthesis. 
VERGLEICHENDE ].JNTERSUCHUNGEN VON ROHMILCHTILSITERKASEN MIT 
UNO OHNE NACHGARUNG. [Compa rative analyses of raw milk 
Tilsit cheese with and without secondary fermentation) 
Steffen C, Gl.iittli H, Steiger G, Fli.ickiger E, RUegg M, 
Btihlmann C, Lavanchy P, Nick B, Schnider J, Rentsch F. 
1982. Schweizerische Milchwirtschaftliche forschung 10(4), 
51-61. (Eidg. Forschungsanstalt f. Milchwirtschaft, ITebe-
feld-Bern, Switzerland) . 
Various methods have been applied to analyze throughout one 
year 54 raw milk Tilsit cheeses of good quality and 54 
loaves with secondary fermentation, all of them 4.5 months 
old. The cheeses with secondar.y fermentation showed a more 
intense propionic acid fermentation, a stronger proteolysis 
resulting in low-molecular casein breakdown products and 
partly differences in water and protein levels. From the 
variations in the enzyme patterns it can be concluded that 
the 2 cheese types must have different microfloras. SEM 
micrographs of the cheese protein matrices are shown. 
RECENT ADVANCES IN THE DESTABILIZATION OF DAIRY EMULSIONS. 
Darling DF. 1982. Journal of Dairy Research 49, 695 - 712. 
(Unilever Res. Lab., Colworth House, SharnbrOOk, Beds., 
U.K.). 
Destabilization of emulsion droplets is described in terms 
of floccu lation , coalescence, and adsorption processes, 
and then discussed with reference to various technological 
aspects of dairy emulsions. A semi-quantitative measure-
ment of homogenization-induced flocculation of cream is 
described using measurements on the time-dependent de-
crease in viscosity that occurs during shear. The whipping 
of cream is discussed in terms of the adsorption of fat 
droplets to air bubbles and the formation of a fat parti-
cle network with the fat directly in contact with air. The 
whipping of homogenized creams is shown to be dependent 
upon the structure of the newly formed milk fat globule 
membrane. Since the major protein component of the mem-
brane is casein, any change in casein micelle stability is 
reflected in the whipping properties of the cream. The 
presence of crystalline fat within emulsion droplets is 
essential for many destabilization processes. Fat crystals 
pierce the film between 2 approaching interfaces, thu:: 
leading to aggregation. The contact angle between fat 
crystal, oil, and aqueous p hase can be us e d to describe 
the susceptibi lity of an emulsion to destabilize. A quan -
titative measure of emulsion destabilization under shear 
is described kinetically in terms of reversible floccula-
tion followed by coalescence. The measurement of emulsion 
viscosity as a function of time at constant shear stress 
is used to monitor the aggregation processes and the 3 
rate constants evaluated by computer curve fitting. 
Literature Abstracts 
ASSOCIATION OF CASEINS AND CASEIN MICELLE STRUCTURE. 
Schmidt DG. 1982. Developments in Dairy Chemistry 1, 61-
86. [P.F. Fox,(ed.). Applied Science Publishers, Loi1don & 
New York] (Netherlands Inst. for Dairy Res. Ede, the 
Netherlands) 
A review with 139 refs. using EM to illustrate the compn. 
and properties of casein micelles. 
A MORPHOLOGICAL STUDY OF SOME LACTIC STREPTOCOCCAL BAC-
TERIOPHAGES ISOLATED FROM NORWEGIAN CULTURED MILK. 
Brinchmann E, Namork E, Johansen BV, Langsrud T. 1983. 
Milchwissenschaft 38(1), 1-4. (Agric. Univ. of Norway, 
As-NLH, Norway) -
Fermentation failures in Norwegian cultured milk products 
are in some cases caused by bacteriophages. These are 
phages homologous to certain species of Streptococcus 
involved in mixed starters. Sixteen phages have been 
isolated and their morphol. features studied by EM and 
optical diffraction. Four different morphol. groups of 
phages were observed. Two phage types had isometric heads 
and differed only in the presence and absence of a collar. 
The 2 other phage groups had prolate heads; they also dif-
fered in the presence and absence of collars. The group 
without collar, however, had a significantly longer tail. 
The 4 groups ·can all be classified in Bradley's group B 
and Tikhonenko' s group IV . 
PHYSICOCHEMICAL TRANSFORMATION OF MILK COMPONENTS AND 
RELF.ASE OF FOOT-AND-HOUTH DISEASE VIRUS. 
Blackwell JH, McKercher PD, Kosikowski FV, Carmichael LE, 
Gorewit RC. 1983. Journal of Dairy Research 50(1), 17-25. 
(Plum Island Anim. Dis. Center, U.S. Dept. orAgriculture, 
Cornell Univ., Ithaca, NY, U.S.A.) 
Possible mechanisms for protective roles of milk components 
on foot-and -mouth disease virus present in the milk of in-
fected cows were examd. Light scattering bands collected 
from Ficoll-sucrose gradient fractions of skim milk contd. 
membrane-limited structure s but these were non-infectious 
for bovine kidney" cells. Infectivity titres in buttermilk 
higher than those of the original cream or butter suggested 
assocn. of virus with milk fat globules. Increased infecti-
vity titres in skim milk after treatment with SDS suggested 
release of virus particles from dissocd. casein micelle sub-
units. Chelating agents, de-emulsifying agents, and trypsin, 
which alter the structure of the individual milk components 
casein, lipid, and milk fat globule membrane were without 
effect on infectivity titres. 
ZUR KINETIK DER BUTTERKORNBILDING. [Kinetics of the butter 
grain formation] 
Kirchmeier 0. 1982. Milchwissenschaft 37(11), 648-650. 
(Chern. Phys. Inst. Siiddeutschen Versuclls". u. Forschungs 
anstalt f. Milchwirtschaft in Weihenstephan, FR Germany) 
Under the action of constant shearing forces cream attains 
various steady and reversible states. They are conditioned 
by cluster-like aggregation of fat g lobules , which disin-
tegrate again at standing still. After exceeding the stabil-
ity limit, the state transitions are irreversible. Here se-
paration of the phases is announced by strong pulsations of 
the cream. On these pulsations the system oscillates between 
2 quasi stable states. Probably by shearing of the clusters 
hydrophobic sections are set free, which are covered again 
and again until at last separation of fat prevails. Under 
certain conditions the system fluctuates. In this case after 
exceeding the stability limit sepn. of phases do es not occur, 
but the clusters fall back to the initial state of the fat 
globules. 
REVIEWS ON THE PROGRESS OF DAIRY SCIENCE: THE BOVINE MILK 
FAT GLOBULE MEMBRANE-ITS FORMATION, COMPOSITION. STRUCTURE 
AND BEHAVIOUR IN MILK AND DAIRY PRODUCTS 
McPherson AV, Kitchen BJ. 1983 . Journal of Dairy Research 
SO, 107-133. (Otto Madsen Dsiry Res. Lab., Dept. of Pri-
iiiiry Ind Hamilton, Brisbane, Australia 4007) 
A review with 157 refs. A proposed model for the bovine milk 
fat globule membrane is discussed 
AGE GELATION OF STERILIZED MILKS. 
Harwalkar VR. 1982. Developments in Dairy Chemistry l, 229-
269 {P.F. Fox,(ed.), Applied Science Publishers, LondOn & 
New York] (Food Res. Inst . , Agriculture Canada, Ottawa, 
Ontario, Canada KlA 0C6) 
A review with 142 refs. and 6 TEM micrographs illustrating 
changes in the microstructure of ultra-high temp. steriliz-
ed coned. skim milk stored for up to 17 weeks 
MILK GEL STRUCTURE. XIII. ROTARY SHADOWING OF CASEIN 
MICELLES FOR ELECTRON MICROSCOPY. 
Kalab M, Phipps-Todd BE, Allan-Wojtas P. 1982. Milchwissen-
schaft 37(9), 513-518. (Food Res. Inst. Agriculture Canada, 
Ottawa, Ontario, Canada KlA OC6) 
Casein micelles were fixed in a glu taraldehyde solution, 
attached to freshly cleaved mica sheets pretreated with 
poly-L-lysine, dehydrated in a graded ethanol series, 
critical-point dried from COz, and shadowed with Pt at 45° 
while the specimens were rotated. The replicas were rein-
forced with C, floated on the surface of a 37. Na hypochlor-
ite solution, washed with water, and examined by TEM. In 
unheated milk, casein micelles were uniformly distributed 
on the mica support. At high magnifications, the submicel-
lar composition of micellar surfaces was clearly visible. 
In heated milk, minute corpuscles ("spikes") were attached 
to micellar surfaces . Micrographs of ovine and caprine milk 
samples revealed large quantities of submicelles . Casein 
micelles in a heated (90"C for 10 min) suspension of nonfat 
dry milk (30'1. total solids) were linked to each other by 
short fibres and formed aggregates . Maximum benefits of the 
technique were derived by studying casein micelles and sub-
micelles at magnifications in excess of 50,000 X. 
FOODS OF PLANT ORIGIN 
THE PREPARATION OF LEAF SURFACES FOR SCANNING ELECTRON 
MICROSCOPY: A COMPARATIVE STUDY 
Sargent JA. 1983. Journal of Microscopy 129(Pt:.l), 103-
110. (Deve lopmental Botany, Agric. Res . Council, Weed Res. 
Org., Begbroke Hill, Yarnton, Oxford OX5 lPF, U.K.) 
Cryopreservat:ion is the superior technique for viewing 
leaf surfaces in the SEM. Epidermal cells become distort-
ed when freeze-dried and disrupt the orientation of epi-
cuticular wax structures. The latter are largely lost dur-
ing critical-point drying. Nevertheless, the appearance of 
surface structures after subjecting them to each drying 
method is valuable in interpreting t:he features observed 
by cryopreservation. 
SCANNING ELECTRON MICROSCOPY OF INFECTION SITES AND 
LESION DEVELOPMENT ON TOMATO FRUIT INFECTED WITH PSEUDO-
MONAS SYRINGA£ PV. TOMATO. --
Getz S, Fulbright OW, Stephens CT. 1983. Phytopathology 
21.(1), 39 - 43. (Dept. Bot. & Plant Pathol., Michigan State 
Univ., East Lansing, MI 48824, U.S.A.). 
!~~a~~m~~~r~-a~~ ~~~~~ 0)u~!~~e!x:~~~~a~~d s~~ t:~0 ~~&r~;~~ae 
poss~nfection sl.tes and to follow lesion development. 
Bacteria were detected on both glandular and nonglandular 
trichomes present on ovaries during an thesis. Following 
anthesis, trichomes were gradual ly lost, leaving openings 
in the young fruit epidermis. Swollen areas of the epi-
dermis that resembled trichome bases were filled with bac-
teria, suggesting that open trichome bases may serve as 
fruit infection sites. Mature lesions were either sunken 
or raised, and masses of bacteria were extruded from cracks 
in the lesion surface. 
EFFECT OF ACETIC ACID ON SUBCELLULAR STRUCTURES OF COCOA 
BEAN COTYLEDONS. 
Biehl B, Passern D, Sagemann W. 1982. Journal of the 
Science of Food and Agriculture 33, 110l-ll09. (Bot. Inst. 
Tech. Univ. Carole-Wilhelmina, Briunschweig, FR Germany) 
Characteristic post-mortem change:s in subcellular struc-
tures are described which are caused by the penetration of 
acetic acid (AA) during incubation of cocoa seeds in aque-
ous media. In the storage cells, lipid is agglomerated and 
separates from hydrophilic portions in proportion to the 
AA concentration and pH. This effect is less pronounced at 
50 ° C than at 40°C. In the absence of AA or with very low 
concentration of undissociated AA, other substructural 
characteristics dominate in most of the cells. At 50°C, 
post-mortem changes do not induce lipid agglomeration. At 
40°C, the intact protein vacuole swells and its matrix 
structure becomes spongy as a response to i!! vivo water ab-
sorption. Finally, it is shown that a concentration gra -
dient persists in whole seeds for most of the time required 
for fermentation, because of the slow diffusion of AA. The 
results are compared with temperature effects on subcellu-
lar structures and are discussed in relation to their sig-
nificance for proteolysis in cocoa seeds during fermentation. 
(Copyright 1982, Society of Chemical Industry, 0022-5142/ 
82/ 1100-llOl $02. 00) . 
Literature Abstracts 
ULTRASTRUCTURE OF DENATURED POTATO PROTEINS. 
Shomer L, Lindner P, Ben-Gera I, Vasiliver R 1982. Journal 
of the Science of Food and Agricul ture 33(6), 565-575 
(Div. of Food Tech., Agric. Res. OrganiZ"ation, The Vo l cani 
Center, P.O.Box 6, Bet Dagan 50250, Israel) 
The structure of potato protein precipitates formed by heat 
treatment or acidif ica tion of potato juice was investigated 
by TEM. Precipitates formed by heat denaturation (3 min at 
lOOaC) consist of electron-dense particles of diam. <300 nm, 
aggregated into )-dimensional open networks. Precipitates 
fo rmed by acidification to pH 3.0 and holding the acidified 
juice at room temp. consist of network-like aggregates of 
electron-dense particles embedded in thin ~ilms which hinder 
the formation of a dense sediment. This structure explains 
the high se d i men t vol. which are typical of this k ind of 
precipitate. By warming the acidified potato juice to 40°C, 
rapid floccu la tion and sedimentation of the suspe nded insol. 
protein are observed within a few min and a dense sedimen t 
is f inally obtained. Thi s sedirr.en t consists mainly of the 
network- like aggregates of electron-dense particles and ma-
terial of low electron density formed by the collapse of the 
films. Protein films have also been observed in precipitates 
of heat-denatured bovin e serum albumin (BSA). High-methoxyl 
pectin promotes the formation of protein films on heat de -
naturation of potato proteins or BSA 
ASPARAGUS TISSUE CHANGES BY COOKING METHODS AND DI GESTION 
IN RATS AS OBSERVED BY SCANNING ELECTRON MICROSCOPY. 
Harbers CAZ, Harbers LH . 1983. Nutrition Reports Inter-
na t ional 27(1), 97-101. (Kansas Agric . Exp. Station, Kansas 
State UniV Manhattan, KS 66506, U.S.A.) 
SEM was used to observe fresh asparagus and the changes in 
tissue structure when it is cooked by boiling and microwave 
Boiling distor te d parenchymal tissues; microwave cooking 
produced cracks a n d disto rted adjacent tissues . Microscopic 
observations of asparagus remnants in rat gastrointestinal 
contents showed that the on l y cell u lar rupture in t he upper 
tract · .. as cellular separation by stomach HC l. Boiled and 
mic rowave d asparagus digestion began in the ileum and was 
completed in the cecum. Raw asparagus digestion started 
after remnants reached the cecum and continued into the large 
intestine. Any differences that may have e x isted because of 
cooking methods could not be detected in digestive patterns 
of cellular tissues 
ON ULTRASTRUCTURAL AND NUTRITIONAL ASPECTS OF SOME 
TROP I CAL TUBER STARCHES. 
Gallant J;>J, Bewa H, Buy QH, Bouche t B, Szylit 0, Sealy L. 
1982. S tar c h /Starke 1.!!.:(8), 255 - 262. (L.T.A.A . - Microscopie, 
I.N.R.A., Centre de Recherches Agroalimentaires, 44072 , 
Nantes Cedex, France) . 
Type A starches (Manihot utilissima, Dioscorea dumeto rum , 
and Co locasia ant1.g(Jorum}~B starches (Canna edulis, 
~;~~i~~e=h~~t a~he oa~:~~a:~i~!y~·r~h!s~u:~e t~~~~s~~~:~~d. 
as compared with that of feeds made fro m a particular 
starch is more or less the same. However. type A starches 
are more rapidly degraded by bacterial a.-amylase . The sus-
ceptibility to attack is compared to the nutritional ef-
ficiency of the feeds using axenic and holoxen ic chickens. 
Comparison of the degree of degradation of t he starch gran-
ules in the crop as well as in t he fec es (by in vitro and 
in vivo studies) is made by SEM. Typ e A starcheSS'h"'w al-
Wiy'Sahigher susceptibility to o.·amylase attack. The feed 
efficiency tested on chickens and digestibility of tuber 
starches in the sheep rumen and in the chicken crop i n-
crease as their ease of degradation by bacterial a·amylase 
(~ vitro) increases. 
ISOLATION AND PARTIAL CHARACTERIZATION OF BLACK GRAM 
(PHASEOLUS MUNGO L.) STARCH. 
Sathe SK, Rangnekar PO, Deshpande SS, Salunkhe DK.l982. 
Journal of Food Science ~(5), 1524· 1527, 1538. (Dept. 
Nutr. & Food Sci., Univ. of Arizona, Tucson, AZ 85721, 
U.S . A.) 
~i:~~ ~~:m 4~~- o~u;·~e~~~~c~a~r:. i;~~:~~dgr!~~1!t:I~~ 
ranged from 7.5-28 . 5 !Jlll (length) to 7.5-27.0 urn (width) . 
Hylum length ranged from 25 to 1001. of the starch granule 
length. Amylose content of starch was 26.651. (starch 
basis) . Gelatinization temperature range for the starch 
was 71 .5-74 .0°C. Unlike several le gume starches, black 
gram starch had a peak viscosity as indicated by Brabend-
er Viscoamylograph. The starch viscosity was dependen t on 
pH and ionic strength. The raw as well as cooked starch 
was resistant to hog pancreatic a-amy l ase hydrolysis ~ 
vitro. 
STRUCTURAL CHANGES IN STARCH GRANULES OF LOW MOISTURE 
CONTENT DURING HEATING . 
Takahashi K, Shirai K, Wada K. 1982. Ag ricultural and 
Biologica l Chemistry ~(10), 2505 - 25ll. (Dept. Agric. 
Chern. Tokyo Noko Univ . Tokyo, 183, Japan) . 
Thermal behaviour of the starch structure was determined 
under low moisture conditions by differential thermal 
analysis (DTA). Three kinds o f starch (potato, kuzu, and 
corn) were used. Microscopic observation of structural 
changes in the starches was compared with the results of 
DTA, intrinsic viscosity, blue value, and solubility 
PROPERTIES OF YUBA- LIKE FILM FROM SOY PROTEIN ISOLATE 
AND FORMATION OF A MIDDLE TEXTURED LAYER. 
Takamiya K, Sekiguchi M. 1982. Nippon Shokuhin Kogyo Gak-
kaishi 29 (10), 605-610. (Kyoritsu Women's Univ . , Chiyoda-
ku, TokYO, 101, Japan) (In Japanese} 
The physical nature and microstructure of Yuba-like films 
prepared from soybean isolate and other foodstuffs were 
investigated. Films obtained from mixture s of soybean 
protein isolate and glycerol, ascorbic acid, and egg 
white were superior to other films. The Yuba film from 
soy milk or soy protein consisted of 2 layers but films 
prepared from soy protein and the above ingredients 
showed a clear middle textured layer . 
CHARACTERIZATION OF A POTATO STARCH-DIGESTING BACTERIUM 
AND ITS PRODUCTION OF AMYLASE . 
Taniguchi H, Odashima F, Igarashi M. 1982. Agricultural 
and Biological Chemistry 46(8), 2107-2ll5. (Dept. Agric. 
Chern., Univ. of Tokyo , Bunfyo-ku, Tokyo, Japan) 
A bacterium which can utilize potato starch granules as 
a sole source of carbon was isolated and identified as 
Bacillus circulans. SEM observation of potato starch 
granules revealed that the granules were degraded gradual-
ly from t heir surface which resulted in elongated granules 
with layered structures. Amylase of this bacterium has a 
unique property in that it produces only maltohexose from 
gelatinized starch at an early stage of the reaction. 
AN L-ARABINAN FROM APPLE-JUICE CONCENTRATES. 
Churms SC, ~lerrifield EH, Stephen A..'1. '.-lalwyn DR, Polson A, 
Merwe KJ van d er, Spies HSC, Costa N. 19B3. Carbohydrate 
Research ll3(2), 339-344. (C.S.l.R. Carbohydrate Res. Unit, 
Univ. of Cape Town, Rondebosch 7700, South Africa) 
The title arabinan consisted of L-arabinofuranosyl residues 
only, which were o.-(1- 5) - linked in a n essentially linear 
chain . Hl (pos. and neg. staining) showed that the purified 
crysta llized arabinan consisted of large ellipsoida l ag-
gregates, on the average 1700 and 840 nm along the major 
and minor axes, resp. X-ray crystallographic analysis data 
are also presented 
BETWEEN- SPECIES DIFFERENCES IN F'RACTURAB I LITY LOSS , MICRO-
SCOPIC AND CHEMICAL COMPARISON OF POTATO AND CHINESE 
WATERCHESTNUT 
Loh J, Breene WM, Davis EA. 1982. Journal of Text u re Stu-
dies 13, 325-347. (Dept. Food Sci. & Nutr. Univ . of ;-.lin-
nesoti";'" St. Pau l , MN 55108, U.S .A.) 
Potato and waterchestnut t issues were used as exptl . mate-
rials fo r comparing between-species differences in heat 
softening rate. SEM techniques were employed to compa re 
cellular a n d subcellular changes with corresponding frac-
turability losses during cooking of potato and Chinese 
waterchestnut by 4 cooking methods . SEI1 observations strong-
ly suggest that ce ll wall adhesion and its heat resistance 
play a major role in fracturability changes du ring heating. 
I ntracellular substances such as starch and minerals may 
slightly alter the cell wall strength but do not substanti-
ally affect fracturability chan ges . In addition, dif ferences 
in the gross chem . compn. between species were inadequate 
for explaining fract .Hability changes of the 2 vegetable 
tissues during heating. 
FORCED AIR DRYING OF PARTIALLY FREEZE-DRIED COMPRESSED 
CARROT BARS . 
Schadle ER, Burns EE, Talley LJ. 1983. J ournal of Food 
Science ~(1), 193-196. (Frito-Lay Inc. Irving , TX, U.S . A.). 
The quality of compressed carrot bars produced by combining 
freeze-drying with air- drying was investigated . Quality 
parameters measured were color, texture, rehydration ratio, 
carotene, ascorbic acid , a-tocopherol , and sensory accep-
tance . It was found that a high quality compressed carrot 
bar could be obtained by freeze-drying to 20 - 407. moisture, 
~~~~~!b~~t~3§c ~i~~M m~~~~:~v~s=f~Igi~ ~~~i~::~~~: ' r~~=~n=~r-
for differences in texture and rehydration. 
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INVESTIGATION OF TilE PHYSICAL AND CHEMICAL PROPERTIES OF 
BANANA STARCHES. 
Lii CY , Chang SM, Young YL. 1982. Journal of Food Science 
47 (5), 1493-1497. (Inst. Chern Acad. Sinica, Taipei, 
Taiwan, R.O.C.) 
Banana (Musa sp.) sta rch was isolated af ter steeping in 
0.05 N NaDir:'" The starch had a granule size of 20-60 um, 
a gelatinization temperature range of 74 - 83°C, and a a-
type X-ray diffraction pattern. The Brabender viscoamylo -
g ram and the swelling pattern indicated a fairly restrict· 
ed-swelling starch. The starch had low iodine affinity 
(ca . 3. 34) and contained diesterified phosphate. During 
ripening, the amount of starch conver ted into reducing 
sugars and sucrose i ncreased with degree of ripeness. 
Small granules were converted more rapidly · than large 
granules. Other physical and chemical properties remained 
similar throughout ripening. 
HEAT AND MASS TRANSPORT IN THE FREEZING OF APPLE TISSUE . 
Bomben JL, King CJ. 1982. Journal of Food Technology 17, 
615-632. (Weste rn Reg. Res. Center , USDA, 800 Buchanan 
St. Berkeley, CA 94710, U.S.A.). 
A neWly developed co ld-stage SEM was used to examine ice 
morphology in frozen apple tissue as a function of freez -
ing rate . The morphological structure of the ice was ana-
lyzed using theo ries of cellular water transport and 
solution solidification. The transition from intracellu-
l ar to extracellular ice occurred i n apple tissue at a 
coo ling rate of approx. 1 K/min. The dendritic spacing 
of the ice was proportional t o the inverse square root 
of the cooling rate. This behaviour can be rationalized 
through an analysis of the dependence of the formation 
of dendrites upon so lute mass transfer. (Copyrigh t 1982 
Blackwell Scientific Publications, 0022 - 1163/82/1000- 0615 
$02.00) 
PHYSICAL PROPERTIES OF STARCH FROM CAVENDISH BANANA FRUIT. 
Ling L-H , Osman EM, Fernandes JB, Reilly PJ . 1982. Starch/ 
Starke 34(6), 184-188. (Dept. Food & Nutr., Iowa State 
Univ. Aiiies, IA 50011, U.S.A.). 
Starch was isolated from green Cavendish bananas after 
NaOH treatment, and its physical properties as they affec t-
ed its potential acceptance as a food i ngredient were 
measured and compared with those of corn, waxy corn, waxy 
corn diphosphate, acetylated waxy corn diphosphate, pota to, 
and tapioca starches . Banana starc h granu l es had a moisture 
content of 15.5%, an amylose content of 19 . 51. on a dry 
weight basis, and were highly irregular in shape and size, 
with the mode of characteristic length falling at 15 \J ill. 
The gela t.inization range was 70.1 t.o 74.6°C. SEM showed 
that in wat.er the granules underwent surface cracking at 
65°C an d progressively greater swelling, deformation , and 
erosion bet.ween 70 and 90°C. At 95°C, 6'1. banana starch 
paste in a Brabender Amylograph had a viscosity four times 
that of corn search paste of the same concentration, and 
viscosity decreased rather slowly with stirring. The paste 
was somewhat. longer than that of corn starch, but apprecia-
blX shorter t han tapioca starch paste. Gelled banana starch 
was nearl y as strong as co rn starch, and also was nearly as 
op aque and reflective. 
ULTRASTRUCTURAL CHANGES DURING SENESCE:-ICE OF PEAR FRUIT 
CELLS DURING AUXIN STARVATION. 
Balague C, Sossountzov L, Petitprez ~!. 1983. Cytobios 2_£, 
53-63. (Lab. Biotechnol. Vegetate, E.N.S.A. 145 Avenue 
de Huret, 31076 Toulouse cedex , f:-ance) 
Some of the variations in the hormonal balance involved 
in plant senescence are due to auxin limitation. The re-
sulting ultrastructural changes were studied using pear 
(Passe Crassane) cel ls cultured in a system designed to 
permit medium renewal without withdrawal of living cells. 
Structural alterations became clear at an advanced stage 
of aging. An initial period (13 days) was characterized 
by the maintenance of cell structure. The first ultrastruc-
tur a l sign of senescence was the vesiculation of the endo-
plasmic reticulum and a loss of hyaloplasm density, follow -
e d by plasmalemma modifications. No significant change in 
mitochondr ial number was observed ove r the aging period. 
However, after 8 days of culture, the stroma of the mito-
chondria were clearing with a di ffuse inner membrane. In 
advanced senescence the Golg i apparatus was vacuo l ized an d 
surrounded b y many c l ear vesicles. Interestingly , all_ these 
modifications can not be seen or are delayed in a me d1um 
enriched with 2,4-D. The data lend support to the important 
role of auxin starvation in ultrastructural chan ges in 
plant and organ senescence. (Copyright 1983 by The Faculty 
Press, Cambridge, Great Bri tain ) 
STUDIES ON ISOLATION AND PHYSICOCHEMICAL PROPERTIES OF 
STARCH FROM MOTH BEAN (PHASEOLUS ACONITIFOLI US) 
Wankhede DB, Ram t eke RS. 1982. Starch/St3.rke 34(6), 189-
192. (Discipline of Biochem. & Applied Nutr . , Central Food 
Technol. Res. In st., Mysore-570013, India) . 
The yield of starch isolated from whole seeds of the title 
legume was approx . 33.5'4. The amylose content of the starch 
was 26.47 • . Gelatiniza tion temperature was 62-72°C. The 
starch exhibited single stag e swelling and l ow solubility 
patterns. The extensive solubility in dimethylsulfoxide may 
be attributed to heterogeneous bonding forces within the 
granule. The amylolytic susceptibility of nat ive and gela-
tinized starch with amylo l ytic enzymes has been studied. 
The sta rch was found to be non-ionic. 
ENZYMIC DEGRADATION OF STARCH GRANULES. 
Fuwa H. 1982. Journal of Japanese Society of Starch 
Science 29(2), 99-106. ( Dept. Food & Nutr ., Osaka 
Ci ty UniV":'" Sumi yos hi-ku, Osaka, 558, Japan) 
Starch g ranules from roots and tubers were , i n general , 
more resistant to the action of amylases than starch 
~!~~u;~:hi;0~u~~~~~ibie H~~r:~~r~hr~r=~~I~~ ~~~~ules 
banana, high-amylose corn, and gingko were rather resis-
tan t to the action of pancreatin compared to starch 
granules from normal corn. The susceptibility depends not 
only o n the source of the starch but also on the source 
of amylase. SEM confirmed chat starch granules susceptible 
to amylases showed polygonal shapes whereas starch gran-
ules resistant to amylases had smooth surfaces and were 
of round or oval s hapes . 
FORMATION OF OLEOSOMES IN MATURING SAFFLOWER SEEDS. 
Ichihara K. 1982 . Agricultural and Biological Chemistry 
~i~~: ~~~~;~~~: i~~~~: ~~6~cja~~~)·, Kyoto Prefect . 
The accumulation of oil in maturing safflower seeds was 
studied by EM. It has been suggested that net-like clus-
ters of proteinaceous particles in the cytoplasm are the 
sites of t:rig l ycerol synthesis. No evidence was obt.ained 
that oleosomes originate in the en doplasmic reticulum. A 
hypothesis has been proposed that triglycerols are ini-
tially synthesized by the net - like clusters to form a 
protein-oil complex and are concentrated in the center of 
the clusters as their formation proceeds . 
CEREALS 
NONLH!EAR MODEL OF WHEAT STARCH GRANULE DISTRIBUTION AT 
SEVERAL STAGES OF DEVELOPMENT. 
Baruch DW, Jenkins LD, Dengate HN, ~leredit:h P. 1983. Cerea l 
Chemistry 60(1), 32·35. (Wheat Res. I nst D.S.l.R. 
ChristchurCh, New Zealand). 
Wheat starch g ranule size distribution can be satisfactorily 
desc ribed by sets of intersecting hyperbolas on a volume-
cumulative nutnber plane. Distinct peaks arise from the inter-
sections when the sets are transformed to other formats. The 
intersections can be detd. by formula after the hyperbolas 
are transformed to straight lines graphically or by regres-
sion . The total mass within a given vol. range or the per -
centage of mass contributed by a given vol. can be calcd. 
by formulas derived from integration or differentiation. The 
ig~:r;~~~!~~~o~ 0~!d if~~=~~=~=dm~;e d~~=n f~r s~~~!t~f or!g~!~s 
sta rch granules in 2 cult:ivars during 3 seasons. The pos-
sib le physiol. significance of these findings is discussed, 
an d alternative interpretations of the A-type g ranule peak 
are outlined. 
SORGHUM PERICARP THICKNESS AND ITS REU.TION TO DECORTICATION 
IN A WOODEN MORTAR AND PESTLE. 
Scheuring JF, Sidibe S, Rooney LW, Earp CF. 1983. Cereal 
Chemistry 60(1), 86 - 89. (Int. Crops Res. lnst. fo r the 
Semi-Ari d Tropics, BP 34, Bamako, Mali). 
Traditionally, sorghum in Mali is decorticated by pounding 
the g rain in a wooden mortar with a wooden pestle. This 
procedure was used to decorticate sorghum kernels of 3 dif -
ferent pericarp types: very thick pericarp Nio-Fionto 
sorghum and thick and th in pericarp Guineense so r ghums 
Pericarp thickness was checked by SEM. Thin-pericarp sor-
t;~'.l.l:'.s requir2d at l east 25'7.. !!lore decortication time than 
thick pericarp sorghums. When the decortication time was 
held constant, the total b ran yield increased with the in-
creased pericarp thickness. 
literature Abstracts 
ANATOMY AND HISTOCHEMISTRY OF ECHINOCHLOA TURNERANA 
(CHANNEL MILLET) SPIKELET. ---- ----
Irving OW. 1983. Cereal Chemistry 60(2), 155-160. (West. 
Reg. Res. Center, Agric. Res. ServiCe, U.S . Dept. of 
Agriculture , Berkeley, CA 94710, U.S.A.) 
Mature spikelets of Echinochloa turnerana were studied by 
means of SEM, fluorescence. and ~ld microscopy to 
delineate anat. features and to localize storage components 
in the seed. The pericarp was a thin, two-cell layered 
structure and contd. anisotrophic substances in cell walls. 
The cuticle was localized beneath the pericarp , and in the 
mature caryopsis the seed coat had been completely oblit-
erated, as is common in the gramineae. The aleurone was a 
layer of thick-walled cells. Beneath the embryo, at the base 
of the fruit, were large aleurone transfer cells and a pig-
ment strand. Embryo morphol. was typical of cereal gra ins 
The scutellum, coleorhiza, and coleoptile contained protein 
bodies, carbohydrate, and small vacuoles. The starchy endo-
sperm contd. nearly spherical starch granules, lipid and 
protein. 
CARYOPSIS STRUCTURAL AND IMBIBITIONAL CHARACTERISTICS OF 
SOME HARD REO AND WHITE WHEATS. 
Huang G, McCrate AJ, Varriano-Marston E , Paulsen GM. 1983. 
Cereal Chemistry 60(2), 161-165. (Dept. Grain Sci. & Ind. 
& Agronomy, KansaSState Univ . , Manhattan, KS 66506, U.S.A.). 
Caryopsis structure and water imbibition of red and white 
wheat cultivars were investigated to det. differences that 
might relate to sprouting characteristics of the 2 classes. 
Sepn. of integuments and seed coats of 14 cultivars was 
rated by SEM. Cultivars that differed in sprouting resis-
tance were examd. by SEM and LM. Water imbibition of culti-
vars and penetration of 3H20 during germination were detd. 
for cultivars that differed most in structural character-
istics. White wheat cultivars exhibited looser integument 
structure and greater sepn. between the seed coat and tube 
cells of the inner pericarp than did red wheat cultivars. 
The pericarp of white wheats frequently was folded and ge-
nerally was weaker than that of red wheats. Water was im-
bibed faster and penetrated deeper into the kernels of the 
white wheats than into kernels of red wheats. Although ca-
ryopsis structural features of white wheats enhanced per-
meation of water and decreased mech. impedance to embryo ex-
pansion during germination, they must be considered among 
the multiplicity of physiol. factors that determine sprout-
ing characteristics of wheat. 
APPARENT VISCOSITIES OF DISPERSIONS OF SWOLLEN CORNSTARCH 
GRANULES. 
Christianson DO, Bagley EB. 1983. Cereal Chemistry 60(2), 
116-121 . (Northern Reg. Res. Center, Agric. Res. Ser"Vice, 
U.S. Dept. of Agriculture, Peoria, IL 61604, U.S.A.) 
Cornstarch granules were dispersed in water at various 
concns. and heated to 65, 67, 70, 75, and 80•c for various 
times. Viscosity shear-rate plots for these dispersions were 
then detd. at 60°C and a shear-rate range of 3-500 sec-1 
using a rotational viscometer. A variety of viscosity shear-
rate curves were observed that varied with concn., cooking 
temp., and cooking time. A very sharp transition in the ap-
parent viscosity behavior occurred between 65 and 67°C with, 
for example, a viscosity of 2,000 cp observed both at 26'7. 
concn. when cooked at 65°C for 15 min and at 157o concn. when 
cooked at 67°C for 15 min. All apparent viscosity-concn. 
plots for temps. from 65 to 80°C could be superimposed by 
plotting n/CQ vs CQ, where 11 is the viscosity, C is concn 
in grams of dry starch per grams of dispersion. and Q is the 
grams of swollen starch divided by grams of dry starch. The 
quantity CQ is equiv. to vel. fraction of swollen starch in 
the dispersions. SEM micrographs of uncooked starch and a 
22/, dispersion of cornstarch cooked at 6S•c for 75 min. are 
shown. 
PROPERTIES AND USES OF HORNY AND FLOURY ENDOSPER11S OF 
CORN. 
Kikuchi K, Takatsuji I, Tokuda M, Miyake K. 1982. J ournal 
of Food Science 47(5), 1687-1692. (Sugiyama Chern. &<Ind . 
Lab., ll, KagetorT-cho, Totsuka-ku, Yokohama-City, 245, 
Japan) 
Ordinary corn kernel endosperm is composed of horny and 
floury portions. Corn varieties having different en,dosperm 
were investigated. Their chemical composition is al.mo'st 
identical, but in tissue structure the floury endo s perm is 
soft and the horny endosperm is hard. The starch i sola ted 
fro m floury endosperm is easier to gelatinize, and is 
highe r in viscosity, swelling value, and a-amylase digest-
ibili t y than the starch from horny endosperm . The f loury 
e n dosperm is superior to t he horny endosperm in sue h bak-
i n g products as bread and cookies SEM micrograph s of both 
kinds of endosperm are presented. 
VARIATION IN ENZYME DIGESTIBILITY AND GELATINIZATION 
BEHAVIOR OF CORN STARCH GRANULE FRACTIONS. 
Knutson CA, Khoo U, Cluskey JE, Inglett GE. 1982. Cereal 
Chemistry 59(6), 512-515. (Northern Reg. Res. Center, Agr. 
Res. Servi"Ce, U.S. Dept. of Agriculture, Peoria, IL 61604, 
U.S.A.) 
Dent, waxy. and amylomaize V and VII starches that were 
fractionated according to granule size and found to vary 
in amylose content were hydrolyzed by a-amylase. The rate 
of hydrolysis for dent and waxy maize starches was di-
rectly proportional to the surface area of the granules. 
The same effect was observed for most amylomaize fractions, 
but those low in amylose had relatively high hydrolysis 
rates. Gelatinization temp. and enthalpy of amylomaizes 
increased with decreasing granule size. 
FLOUR CHLORINATION. I. CHLORINE LOCATION AND QUANTITATION 
IN AIR-CLASSIFIED FRACTIONS AND PHYSICOCHEMICAL EFFECTS ON 
STARCH. 
Huang G, Finn JW, Varriano-Marston E. 1982. Cereal Chem-
istry 59(6), 496-500. (Dept. Grain Sci. & Ind. Kansas 
State iTrliv., Manhattan, KS 66506, U.S.A.) 
Cake flour was treated with 0, 1, or 4 oz of Clz per cwt 
(0, 62.5, or 250.0 g Cl2!100 kg) and dry-fractionated by 
an air classifier. Fractions contg. high levels of protein 
showed the highest Cl2content as detd. by biamperometric 
titration. X-ray microanalysis of the Cl on the protein 
and starch indicated that protein absorbs significantly 
more Cl- than does starch at all levels of Cl2 treatment, 
and that the cl- uptake by the protein increases with in-
creasing Cl2 dose. Conversely, cl- uptake by starch gran-
ules reached a plateau at a dose of 2 oz/cwt (125.0 g/100 
kg)(no significant increase at 4 oz/cwt, i.e. 250.0 g/100 
kg) Starches washed from untreated and chlorinated flours 
showed an increase in S-amylolysis and a decrease in in-
trinsic viscosity when treated with increased levels of 
~~!~rt~~~f~~~n~n t~~~i~~~n ~ t~~~h p;::e~~~o~rn:r~:;go~~J:i~~-
sorption band in the IR scans of the treated starches sug-
gested that an oxidn. occurred at carbons C-2 and C-3 
during chlorination. 
FLOUR CHLORINATION. II. EFFECTS ON WATER BINDING. 
Huang G, Finn JW, Varriano-Marston E. 1982. Cereal Chem-
istry 59(6). 500-506. (Dept. Grain Sci. & Ind. Kansas 
State Univ . , Manhattan, KS 66506, U.S.A.) 
The effects of conunercial levels of flour chlorination on 
some physicochemical characteristics of the flour were 
studied, LM being one of the methods. At temperatures of 
90°C and above, swelling power and solubility of the high-
starch fractions from the air classifier increased as a 
result of chlorination. Although chlorination did not alter 
the differential scanning calorimetry gelatinization phase 
transition in either simple (flour-water) or complex batter 
systems compared to unchlorinated counterparts, at 90"C 
starch granules in batters containing chlorinated flour ex-
hibited a greater loss of birefringence and swelled more 
than starch granules in batters made with untreated flour. 
Pulsed nuclear magnetic resonance studies showed that at 
the same moisture content, the characteristics of the T2 
relaxation curves were affected by chlorine dose. Chlorina-
tion levels of 2 or 4 oz/cwt (i.e. 56.7 or 113.4 g/45.36 
kg) altered the distribution of molecular species of water 
in flours having a moisture content of 16'7.. Water activi-
ties of batters made with unchlorinated and chlorinated 
flours were identical until the temperature reached 80"C. 
At that temperature, batters containing chlorinated flour 
exhibited higher water activity than batters containing un-
treated flour . Greater mobility of water in systems contain-
ing chlorinated flour might account for the greater starch 
gelatinization in those samples. 
SILICON DEPOSITION IN THE INFLORESCENCE BRISTLES AND 
MACROHAIRS OF SETARIA ITALICA (L.) BEAUV. 
Hodson MJ, Sangster AG., Parry OW. 1982. Annals of Botany 
50(6). 843-850. (School of Plant Biol., Univ. Coll. of 
NOrth Wales, Bangor, Gwynedd, LL57 2UW, U.K.). 
Silicon deposition in the inflorescence bristles subtend-
ing each spikelet, and in the macrohairs of foxtail millet 
(Setaria italica (L.) Beauv.) was investigated using SEM 
a~tron-probe microanalysis. High concentrations of 
Si were detected in the prickle hairs which covered the 
brist l es. In the unicellular macrohairs covering the inflo-
rescence axis and its branches , Si was deposited along the 
whole length of t he hairs. The mechanisms by which Si depo-
sition may have taken place, and the possibility that the 
bristles and macrohairs are involved in the etiology of 
esophageal cancer in N. China are discussed. 
Literature Abstracts 
HIGH-TEMPERATURE SHORT-TIME EXTRUSION COOKING OF WHEAT 
STARCH AND FLOUR. I. EFFECT OF MOISTURE AND FLOUR TYPE 
ON EXTRUDATE PROPERTIES. 
Faubion JM, Hoseney RC. 1982. Cereal Chemistry 59(6), 529-
533. (Dept. Grain Sci. 6. Ind., Kansas State UniV":"", Manhat-
tan, KS 66506, U.S.A.). 
The role of wheat flour components in the extrusion cooking 
of wheat starch and flour was assessed . Feed materials 
varying in water content and flour type were extruded and 
the products analyzed for texture, expansion, and ultra-
structure. Increased initial moisture content decreased the 
expansion and weakened the t e xture of both starch and flour. 
Starch showed the greatest sensitivity to differences in 
moisture content. Analysis by SEM showed that extruded 
starch and extruded flour had complex but identifiably dif-
ferent ultrastructures. The most obvious difference noted 
was the presence in extruded flour of roughened cell walls 
with frequent failures. Ha rd (111. protein) and soft (91. 
protein) wheat- flour extrudates were similar in expansion 
and ultrastructure, whereas t he extrudate of a high-protein 
(151.) flour differed in all 3 characteristics. Supplement-
ing low-protein flours with their own or with high-protein 
gluten showed that differences among flours were due pri-
marily to gluten quantity rather than to source. 
HIGH - TEMPERATURE SHORT-TIME EXTRUSION COOKING OF WHEAT 
STARCH AND FLOUR. II. EFFECT OF PROTEIN AND LIPID ON 
EXTRUDATE PROPERTIES. 
Fllubi.on JM, Hoseney RC. 1982. Cereal Chemistry 59(6), 533 -
537. (Dept. Grain Sci. 6. Ind., Kansas State UniV., Manhat-
tan, KS 66506, U.S.A.) 
Effects caused by protein depended on protein type and con-
centration. When added to wheat starch at concentrations 
up to ll't, wheat gluten reduced expansion and texture. The 
ultrastructure of starch- plus-gluten extrudates (as shown 
by SEM) changed gradually from starchlike to flourlike as 
gluten content increased. A specific gluten concentration 
could not be identified as the border between starchlike 
and flour like structures. At equivalent concentrations, soy 
protein isolate increased expansion and texture. Textural 
measures increased even after expansion began to decrease 
at the highest soy concentration tested. At and above 5'1. 
soy protein isolate, starch extruded to produce ultrastruc-
tures different from both starch and flour. Removing free-
flour lipid increased extruded flour texture and expansion. 
Adding flour lipids to all materials tested resulted in de-
creased extrudate expansion and texture. The magnitude of 
the changes depended on the material extruded. Changes in 
ultrastructure caused by adding or removing lipids were 
subtle and did not always reflect expansion and textural 
changes observed in the same sample. 
THE BOTANICAL CONSTITUENTS OF WHEAT AND WHEAT MILLING 
FRACTIONS. I . QUANTIFICATION BY AUTOFLUORESCENCE . 
Jensen SvA., Munck L. Martens H. 1982. Cereal Chemistry ll 
(6), 477-484. (Carlsberg Res. Lab., Dept. Biotechnol., 
Gamle Carlsbergvej 10, DK- 2500 Copenhagen-Valby, Denmark). 
A method is described for quantifying pericnrp, aleurone, 
and endosperm in wheat milling fractions by their auto-
fluorescence characteristics. Fluorescence data from wheat 
fractions are evaluated by a stastistical model initially 
calibrated against manually dissected botanical part s and 
synthesized mixtures with known compositions . The compn. 
of mixtures of pure bot. components could be quantified by 
their autofluorescence. The method was tested on decortica-
tion fractions from a winter wheat milled in an abrasive 
decorticator. A high correlation existed between pericarp 
and fiber and between endosperm and starch, whereas a sig-
nificantly lower correlation e x isted between aleurone and 
ash. Autofluorescent quant i fication of the bot. components 
of wheat flour streams ma y be more relevant than standard 
chem. analyses such as ash for monitoring the phys. sepn. 
of these components in wheat milling processes . 
STARCH GELATINIZATION: A MORPHOLOGICAL STUDY OF TRITICEAE 
AND OTHER STARCHES. 
Williams MR. Bowler P. 1982. Starch/Stiirke 34(7), 221-223. 
(R.H.M. Research Ltd., Lincoln Rd. High WyCOmbe, Bucks. 
HP12 3QR, U.K.). 
SEM has been used to study the swelling properties of 
potato, maize. rye, barley, fiP.ld bean, and oat starch in 
terms of morphological changes during heating in aqueous 
suspension. It is shown that starches from the endosperm of 
the Triticeae (wheat, barley, and rye) studied here share 
a common mode of swe lling which differs from the other 
starches examined. 
BUCKWHEAT <FAGOPYRUM ESCULENTJ.,'M) STARCH - PHYSICO -CHEMICAL 
PROPERTIES AND FUNCTIONAL CHARACTERISTICS. 
Lorenz K, Dilsaver W. 1982. Starch/Stiirke 34(7), 217 -220. 
(Dept. Food Sci. & Nutr., Colorado State Uilrv., Fort 
Collins, CO 80523, U.S.A.). 
Starch was isolated from buckwheat (F. esculentum) for de-
termination of physico-chemical propirt~nct!.onal 
characteristics. SEM studies showed granules of buckwheat 
starch to be round or polygonal in shape and smaller than 
wheat starch granules in average particle size. X-Ray dif-
fraction showed a pattern typical of that of cereal 
starches. Determination of swelling power, solubility, 
water binding, enzyme susceptibility, gelatinization tem-
perature, and Amylograph consistency of untreated, defatted, 
and enzyme-inactivated buckwheat starch produced values 
which were within the range of those reported in the lite-
rature for cereal starches. Buckwheat starch performed 
satisfactorily in fillings, but did not produce cakes of 
acceptable quality. 
EFFECT OF THE ENZYMATIC REMOVAL OF ENDOSPERM CELL WALL ON 
THE GELATINIZATION PROPERTIES OF AGED AND UNAGED RICE 
FLOURS. 
Shibuya N, Iwasaki ! . 1.982. Starch/Stiirke 34(9), 300-303. 
(Nat. Food Res. Inst .. Min. Agric., Forestry, and Fisheries, 
2-1-2 Kannondai, Yatabe-machi, Ibaraki-ken, 305 Japan). 
Endosperm cell walls of the milled rice flour derived from 
aged and unaged rice were degraded and removed selectively 
using several commercial enzymes. Amylography of these · 
cell wall degraded flours showed that the distinct dif-
ference between the gelatinization properties of aged rice 
flour and unaged rice flour had disappeared after the re-
moval of the cell wall. The possible role of "structure-
maintaining components" in the formation of the character-
istic cooking properties of the aged rice during storage 
is discussed, based on these results and also on the micro-
scopic observation of the gelatinization process of the 
flour. 
ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN DES GERSTENHEHLT-
AUS (ERYSIPHE GRAMINIS DC F. SP. HORDE! MARCHAL) NACH 
RESISTENZINDUKTION :1IT MIKROBIELLEN STOFrnECHSELPRODUKTEN 
(Electron microscopical studies on mildew in barley 
~~~I:~a~~e g~~~An;~o~~c~~ ~~ · m~~~~b~a ~a~~~:~! l~;~)r induced 
Ebrahim-Nesbat F, Balder H, SchOnbeck F. 1983. Phyto-
pathologische Zeitschrift 106, 76-89. (Inst. f. Pflanzen-
pathol. u. Pflanzenschutz ;:rer Georg-August-Univ. GOttin-
gen. F.R. Germany). 
Ultras tructural studies of the infection progress of 
barley by E . ,;traminis after induction of resistance '-'ith 
products ot ::1icrobi.al metabolism showed that pathogen de-
velop~:~ent '-'as affected through inducer-activated defence 
mechanisms. The formation of papillae-li.ke structures and 
an accumulation of electron - dense material bel.ow the host 
cell wall at the penetration site appeared to be associat-
ed with reduced penetration. The haustoria were also 
altered in the extrahaustor~al membrane and electron-
dense material accumulated at the cell '-'all of haustoria! 
body and neck, thus apparently impairing efficient function-
ing and allowing only limited growth of the pathogen. 
(Copyright 1983 by Verlag Paul Parey, Berlin 6: Hamburg) 
ENZYMIC MODIFICATION OF SORGHUM ENDOSPERM DURI NG SEEDLI NG 
GROWTII AND MALTING . 
Aisien AO. 19B2. Journal of the Science of Food and Agri-
culture ~(8), 754-759. (Dept. Biochem . , Univ. of Benin, 
Benin City, Nigeria). 
~~~~~~c=~~o~a i~i~~e w:~r~~:d g~~ibe e~~~~~~~e~u~;~~ 1 ~e~f~~ng 
increased activities of a - amylase, endo-6-glucanase, Limit 
dextrina se, and endoprotease. The major starch-degrading 
enzyme was a - amylase. The activities of endo-6-glucanase 
limit de x trinase, and endoprotease were comparatively ' 
higher in the endosperm than in the embryo during seedling 
growth .. Endo- 6-glucanase activity appeared to be relative ly 
low dun.ng seedling growth. The Low activity of this e n zyme 
might be partially responsible for the limited degradation 
of the cell wall in the endosperm of the malted grain. SEM 
micrographs of the mealy endosperm are presented. (Copy -
right 1982 by t he Society of Chemical Industry; 0022 - 5142/ 
82/0800-0754 $02.00) 
Literature Abstracts 
DEVELOPMENT AND "UNOEVELOPMENT" OF WHEAT DOUGH BY MIXING : 
MICROSCOPIC STRUCTURE AND ITS REU.TIONS TO BREAD-MAKING 
QUALITY . 
Paredes-Lopez 0, Bushuk W. 1983. Cereal Chemistry 2.Q(l), 
24-27. (Dept. Plant Sci., Univ. Manitoba, Winnipeg, Mani-
toba, Canada R3T 2N2). 
SEM of dough revealed changes in dough microstructure dur-
ing development and undevelopment. There was evidence that 
undevelopment transformed the gluten of optimally develop-
ed dough from a continuous membrane-like structure into a 
discontinuous mesh-like structure . SEM of g liadins and 
glutenins isolated from doughs showed structural differen-
~!~ t~~ i~: ef r~;x;n~ i~~~i ~~~n ;~~u~~~~~et~~~e~~e t~~~~ f~~~d 
tained ruptured membranes and numerous particles or glob-
ules. On the basis of the SEM results and other analytical 
results, we postulated that undevelopment results in the 
association of g luten proteins (mainly glutenin) into 
aggregates. This structural change transformed the membrane-
like structure of optimally developed gluten with good gas 
retention capacity into a fibrillar or globular structure 
with poor gas retention capacity. The exact nature of the 
forces involved in the aggregation process remains to be 
discovered. 
ENDOSPERM MODIFICATION IN GERMINATING SORGHUM GRAIN. 
Glennie CW, Harris J, Liebenberg NVDW. 1983. Cereal Chem-
istry 60(1), 27-31. (Sorghum Beer Unit, Council Sci. & Ind. 
Res., Pretoria 0001, South Africa) 
Several techniques were used to prepare germinated sorghum 
grains for bo th TEM and SEM and, hence, to study the 
patterns of modification that occurred in t he endosperm 
during germination. Bird-resistant sorghum grain was ger-
minated on moist filter paper at 28"C for 12 days, and 
samples were taken every day for microscopic examination. 
Endosperm modification began at the endosperm scutellum 
interface and subsequently moved into the floury endosperm, 
with slight modification of the peripheral endosperm. The 
horny endosperm was modified last. The matrix protein began 
to disappear first, and after it was disrupted, the starch 
granules a nd protein bodies were degraded simultaneously. 
The starch granules were modified by pitting rather than 
by surface erosion, and their interiors soon became hollow. 
Viewed from the outside, their form still remained unchang-
ed. The aleurone cells did not appear to be active in en-
zyme production: rather the scutellum fulfilled this role. 
However, the aleurone cells were e xtensively modified dur-
ing germination, and thei r mineral content was greatly re-
duced. The cell walls were the only part of the endosperm 
that appeared visually unchanged after germination: they 
retained their structure even after the endosperm was ex-
tensively modified and the cells had lost their contents. 
CHARACTERIZATION OF QUINOA STARCH. 
Atwell WA, Patrick BM ,. Johnson U., Glass RW . 1983 . Cereal 
Chemistry 60(1), 9 - 11. (The Pillsbury Co., Minneapolis, 
MN 55414, lr.S.A.). . 
Quinoa (Chenoqodium guinoa Willd . ) is a cereal crop grown 
in the mounta1.nous reg1.ons of South America. Starch was 
extracted by two extraction schemes that varied primarily 
in the amount of agitation. The ha rsher treatment yielded 
polygonal granu le s l-2 . 5 urn in diameter that gelatinized 
from 57 to 64"C. Analysis of the components indicated ll'!. 
amylose, a chain length of 27, and a bimodal distribution 
of amylopecti n chain lengths. Differential scanning calori-
metry data indicated a heat of gelatinizat ion of 4.03 cal/g 
of dry starch. SEM of the products of a milder isolation 
treatment revealed primarily a large oval species composed 
of hundreds of t he individual granules. LM of thin-section-
ed quinoa seeds indicated that several of these composite 
aggregates exist within each endosperm cell. 
MEAT, FISH 
HEAT INDUCED GELLING PROPERTIES OF ACTOMYOSIN: EFFECT OF 
TROPOMYOSIN AND TROPONIN. 
Same jima K, Ishioroshi M, Yasui T. 1982. Agricultural and 
Biological Chemistry 46(2), 535-540. (Dept. Anim. Sci., 
Hokkaido Univ., Sapporo, Hokkaido, 060, Japan). 
Effects of tropomyosin and troponin on heat-induced gela-
tion of myosin were investigated by sodium-dodecylsulfate-
polyacrylami de ge l electrophoresis, SEM, and a ge l rigid-
i t y assay and compared with natural and desensitized 
actomyosin. No differences were obs e rved in the micro-
structure of the actomyosin gel . It was concluded that 
tropomyosin did not affect the gel texture of the acto -
myosin system. 
vil 
USE OF SCANNING ELECTRON MICROSCOPY TO DEMONSTRATE 
MICROBIAL ATTACHMENT TO BEEF AND BEEF CONTACT SURFACES. 
Schwach TS, Zottola EA. 1982 . Journal of Food Science 47 
(5), 1401-1405. (Dep t. Food Sci. & Nutr., Univ . of Min:-
nesota, 1334 Eckles Ave., St. Paul, MN 55108, U.S . A.) . 
Microorganisms present on fresh beef for stew were 
enumerated by Aerobic Plate Count (APC) using both rinse 
and maceration methods. Results showed a greater recovery 
of microorganisms with maceration than with rinse proce-
dures. SEM was used to examine the surface of the beef 
for stew to demonstrate the presence of microor ganisms 
before and after rinsing. Sterile stainless steel chips 
(6 mm x 6 mm) were placed on both the unrinsed and rins-
ed beef surfaces. Contact was maintained at 4°C for 4 and 
24 h. The contacting surfaces of the stainless steel 
chips were examined by SEM. Transfer of microorganisms 
from the beef surface was seen in all cases with the or-
ganisms demonstrating clearly defined attachment fibrils. 
A reference experiment, using the same beef for stew and 
~i~~l~~~~ ~fm~j=~d~~~~~fim~W·h~~i~; ~!~;) ob::r!;~o w~~~-
the pseudomonads. 
ULTRASTRUCTURAL STUDY OF SKELETAL FISH MUSCLE AFTER 
FREEZING AT DIFFERENT RATES. 
Bello RA, tuft JH, Pigott GM. 1982. Journal of Food 
Science 47(5), 1389-1394. (Inst. Food Sci. &: Technol. 
Coll. FiSlieries, Univ. Washington, Seattle, WA 98195 , 
U.S.A.). 
Goldfish skeletal muscle was examined with EM to inves-
tigate ultrastructural changes produced by freezing. 
Aquarium fish were used to circumvent the variables as-
sociated with catching and killing large food fish. 
Muscle tissue was frozen slowly in a refrigerator or 
quickly in liquid nitrogen. The results confirm the con-
clusions in the literature that fast freezing produces 
many small ice crystals which cause minimum dislocation 
of tissue ultrastructural components, whereas slow freez-
ing gene rates fewer ice crystals which distort cells and 
crush myofibrils. These results reveal the ultrastructur-
al counterpart to those alterations which are visible in 
U1 using much simpler equipment and methodology (Bello 
RA et al. 1981, J. Food Sci.~. 733). 
EFFECT OF CHOPPI NG TEMPERATURE ON THE MICROSTRUCTURE OF 
MEAT EMULSIONS. 
Jones KW, Mandigo RW. 1982. Journal of Food Science ~(6), 
1930-1935. (Dept. Animal Sci., Univ. of Nebraska, Lincoln, 
NE 68583, U.S.A.) 
A standard frankfurter formulation (25'1. fat) was used to 
evaluate the effect of 4 endpoint chopping temperatures 
(10, 16, 22, and 28"C) on the ultrastructure of meat emul-
sions with a grind - mi x-emulsify production system . SEM was 
used to evaluate the changes that occur in the ultrastruc-
ture of a meat emulsion . Thermally processed frankfurters 
from each of the 4 endpoint chopping temperature treatments 
were fractured, fixed, dehydrated, critical- point dried, 
a n d coated with Au/Pd before SEM micrographs were taken . 
Micrographs suggest that maximal emulsion stability is at-
tained as a tradeoff between two different functions. The 
first function is related to the interfacial protein film 
thickness and the second function is related to the integ-
rity and density of the surrounding emulsion matrix and its 
ability to retain that integrity during thermal processing. 
These 2 functions appear to be directly related to the fat-
holding and water - binding abilities of the meat emulsion or 
batter. 
GEL CHARACTERISTICS - STRUCTURE AS REU.TEO TO TEXTURE AND 
WATERBINDING OF BLOOD PU.SMA GELS. 
Hermans son A-M. 1982. Journal of Food Science 47(6), 1965-
1972. (The Swedish Food Inst. Box 5401, S-40229 Gi:iteborg, 
Sweden). 
Heat-induced denaturation and aggregation of plasma protein 
solutions were studied by low-shear viscometry and turbi-
dity measurements. The microstructure of blood plasma gels 
was evaluated by SEM. Relationships between gel st ructure, 
texture, and water - binding properties of blood plasma gels 
prepared under various conditions such as different heating 
temperatures, pH, and protein and salt concentrations were 
investigated. Generally, it was found that the degree of 
elasticity and water - binding properties decreased with an 
increasing degree of random aggregation of the protein gel 
network. The degree of aggregation increased with increasing 
protein and salt concentrations and decreasing pH from 9 to 
6. With increasing heating temperature from 77 ° C to 92 " C, a 
partial disruption of the gel structure due to local aggre-
gation phenomena was demonstrated by SEM micrographs. 
Literature Abstracts 
THE MEASUREMENT OF SARCOMERE LENGTH IN BEEF LONGISSIMUS 
MUSCLE BY LASER DIFFRACTION AND OIL IMMERSION MICROSCOPY . 
Va r coe G, Jones SOH. 1983. Canadian Institute of Food 
Science and Technology Journal 16(1), 82-83. (Dept. Anim. 
and Poultry Sci., Univ. of Guel?l\, Guelph, Ontario, Canada 
NlG 2Wl). 
Sarcomere length in cooked and uncooked beef longissimus 
muscle was estimated by laser diffraction and oil iaanersion 
microscopy. Mean values of sarcomere length were not dif-
ferent between methods whether macerated muscle samp les or 
individual muscle fibres were measured. However, for macer-
ated samples regression of optically determined sarcomere 
length on those estimated by laser diffraction gave slopes 
and intercepts which differed from 1 and 0, respectively 
(P<O. 05) It was concluded that laser diffraction was onl.y 
accurate when individual muscle fibres were measured. 
CHANGES IN MUSCLE SUBCELLULAR FRACTIONS OF BALTIC HERRING 
(Clupea harengus membras) DURING COLD AND FROZEN STORAGE 
Karvinen V-P, Bamford DH, Granroth B. 1982. Journal of 
the Science of Food and Agriculture 33(8), 763-770. (Tech. 
Res. Centre of Finland, Food Res. LaO., Biologinkuja 1, 
SF-02150 Espoo 15, Finland) 
The autolytic enzymic degradation of the muscle of Baltic 
~~~r~~~ !~;~y:a f~:~~~~~= :£~~~ai) d~~~e;~~~i~~p~~ ~fv:;~;!:~-
COIIIDOnly used in fish handling, i.e. freezing and storage 
at -30° C, and storage at +5°C, comparing them . ,ith the 
muscle fractions of fresh fish. Nuclear, mitochondrial, 
lysosomal, and microsomal as well as soluble fractions 
were studied by assaying the activities of lysosomal cathep-
sin D and mitochondrial cytochrome c oxidase. The morphology 
of sedimented fractions as revealed by EM compared with the 
enzymic results . After storage, the marker enzymes were 
detected in the more slowly sedimenting fractions. Freezing 
and thawing also resulted in the lysis of mitochrondria and 
lysosomes and in a loose, disorganized muscle structure. 
(Copyright 1982 by Society of Chemical Industry; 0022-
5142/B2/0800-0763 $02.00) 
LIPID DETERIORATION INITIATED BY PHAGOCYTIC CELLS IN MUSCLE 
FOODS: 6-CAROTENE DESTRUCTION BY MYELOPEROXIDASE-HYDROGEN 
PEROXIDE-HALIDE SYSTEH. 
Kanner J, Kinsella JE. 1.983. Journal of Agricultural and 
Food Chemistry 31, 370-376. (Inst. Food Sci Cornel.l Univ 
Ithaca, NY 14853, U.S.A.) 
I~ fresh muso:le foods, phagocytic cells may co~ceivably 
initiate and accelerate lipid oxidation. Fish leukocytes 
were obtained by density gradient centrifugation. The isolat -
ed neutrophils were rich in myeloperoxidase which was extd. 
from the leukocytes at pH 4.0 in the presence of 0. 3 M 
!b~~~si6o T~!o~r~1e p~~~~~g!~~~~d (!g p~~o~~~~=~n)?~~~~=t. o!n 
oxidati on system using discoloration of :3 -carotene as an in-
dex of lipid peroxidation was developed. Hyeloperoxidase 
from fish leukocytes caused rapid discoloration of S-carotene 
in the presence of hydrogen peroxide and iodide or bromide 
ions. Purified myeloperoxidase cooxidized 3 -carotene in the 
presence of cl-. No destruction of a -carotene occurred when 
halogen ions, hydrogen peroxide, or the enzyme was omitted 
from the system. The data indicate that leukocytes may be a 
focus for the initiation of lipid peroxidat:ion in biol. 
tissues. Leukocytes from rainbow trout bl.ood were stained 
for microscopy with Wright's stain and with pyrogallol and 
hydrogen peroxide 
ICE RECRYSTALLIZATION IN FROZEN BEEF. 
Bevilacqua AE, Zaritzky NE. 1982. Journal of Fo~d Science 
47(5), 1410- 1414. (Centro Invest. Desarroll.o Cn.otecnol. 
A!iment. (CIDCA), Univ. Nacional. de La Plata, 47 y ll6 La 
Plata (1900), Prov. de Buenos Aires, Argentina) 
Temperature fluctuations produced during storage and trans-
port of frozen food lead to activation of the recrystal-
lization processes, causing enlargement of the ice crystals 
and diminishing advantages obtained in quick freezing of 
products. A model for interpreting recrystallization of ice 
in frozen beef was established considering that in this 
phenomenon the driving force is the tendency to a decrease 
in surface energy of the crystalline phase and that rate of 
movement of the grain boundary is proportional to its cur-
vature. Heat samples were frozen and submitted to higher 
storage temperatures. Histological analysis of tissues im-
mediately after freezing and of samples stored at different 
temperar.ures made it possible to measui-e evolution of ice 
crystal size and obtain kinetic constants for proposed re-
crystal.lization model. Mechanism for interpreting the phe-
nomena were discussed, determining that transition of mole-
cules occurs preferentially through the liquid phase. 
A FIXATIVE FOR USE IN MUSCLE HISTOCHEMISTRY. 
Crocker BP, Bossen EH, Brinn NT. Hamnond FA. 1983. The 
Journal of Histochemistry and Cytochemistry 31(1), 110-
112.(Dept. Pathol., Box J-275, Univ. of FlorTaa, Gaines-
ville, FL 32610, U.S.A.). 
A fixative solution that preserves the activity of some 
relevant enzymes in muscle histochemistry is described: 
55 g of atm~onium sulfate were dissolved in 100 ml of a 
0.025 H K citrate and 0.005 M Mg sulfate buffer and pH was 
adjusted to 7. 0. Muscle, kidney, and spleen were fixed for 
up to 5 days at room temperature, washed in the buffer free 
of ammonium sul.fate, and frozen in isopentane cooled to 
freezing with liquid nitrogen . 
POST-MORTEM STIMULATION OF CARCASSES : EFFECTS ON BIO-
CHEMISTRY, BIOPHYSICS, MICROBIOLOGY, AND QUALITY OF MEAT. 
Asghar A, Henrickson RL. 1982. CRC Critical. Reviews in 
Food Science and Nutrition 18(1), 1-58. (Meat Science Lab. 
Oklahoma State Univ. StillWater, OK 74078, U.S.A.) 
A review containing a chapter on the effects on micro- and 
ultrastructure of muscle. 401 references. 
EGGS 
STRUCTURE OF THE EGGSHELL . 
Parsons AH. 1982. Poultry Science .§.!. 2013-2021. (Dept. 
Animal Sci., Univ. of New Hampshire, Durham, NH 03824, 
U.S.A.). 
The ultrastructure of the eggshell of the domestic fowl 
is reviewed with regard to the influence chat the various 
shell layers have on determining eggshell quality. Emphasis 
is placed on the importance of normal matm~illary knob forma-
tion. Eggshells having good eggshell quality have a regular 
distribution of mammillary cores. These initiate the produc-
tion of many small mau:millary cap and cone formations. 
Early fusion of the forming mammillary knobs is a key to 
eggshell strength through a reduction in the penetration 
of intermammillary clefts into the calcified eggshell. The 
formation of narrow palisade col.umns is implicated in this 
process. The impact of the membranes, vertical crystal 
layer, and cuticle is also discussed. 
CHANGES IN THE ULTRASTRUCTURE OF EGG YOLK BY THE GROWTH 
OF STREPTOCOCCUS FAECALIS VAR LIQUEFAClENS. 
Gravani RB, Vadehra DV, Hood LF, Baker RC. 1982 . Journal 
of Food Science 47(5), 1435-1437. (Inst. Food Science, 
Cornell Un iv. IC!laca, NY 1.4853, U.S.A.). 
The growth of ~- faecalis var liguefaciens caused the se-
paration of egg y~ upper and lower layers. Ultra -
structure studies using TEM showed that the upper layer 
was mostly low-density fraction (LDF) with few electron-
dense particles. In contrast, the lower layer was mostly 
high-density fraction (HDF). The separation factor caused 
aggregation of the HDF and openness of the structure of 
the matrix. The extent of incubation had a pronounced ef-
fect on the ultrastructure. Freeze -thaw treatment produced 
greater aggregation of HDF and more disruption of the LDF 
matrix, particularly in the lower layer. 
STUDIES OF COLLOIDAL PROPERTIES OF WHOLE EGG MAGMA. 
Torten J, Eisenberg H. 19B2. Journal of Food Science ~ 
(5), 1423-1428. (Po lymer Dept., The Weizmann Inst. of 
Science, Rehovot, Israel 76100) 
Alterations in colloidal properties resulting from heat 
treatment and/or freezing of whole egg magma were studied. 
Both heating and freezing led to increase in apparent vis-
cosity and in surface tension. All viscosities are non-
Newtonian. Increasing rates of shear fol l owed immediatel.y 
by decreasing rates resulted in open hysteresis l oops, 
repeated cycles showed only one decrease in viscosity. 
Polyacrylamide gel electrophoresis demonstrated changes 
incurred by heat treatments of 60°C, 3.5 min; 64.4°C, 2.5 
min; and 68°C, 1 min . SEM pointed out morphological modi-
fications caused by heating and/or freezing. Sucrose and 
D-glucose preserved lower viscosity during frozen storage. 
A preliminary postulation of colloidal structure in the 
whole egg is presented. 
BIOCHEMISTRY OF THE ORGANIC MATRIX OF THE EGGSHELL. 
Leach RM J r . 1982 . Poultry Science 61(10), 2040- 2047 . 
(Dept . of Poultry Science, The PennS"Ylvania State Univ. 
University Park, PA 16802, U.S.A.) 
A review with 44 refs. illustrated with SEM micrographs. 
L; terature Abstracts 
TECHNIQUES 
A CLEANING METHOD ENSURING RECOVERY OF DELICATE FREEZE-
FRACTURE REPLICAS OF CEREAL LEAF CELLS. 
Pearce RS. 1983. Journal of Microscopy 129, Pt. 2, 229-23 1 . 
(Dept. of Agric. Biol., The Unive r sity,""""Rewcastle upon Tyne 
NEl 7RU, U.K.) 
Pieces of leaf blade (rye, wheat) were mounted obliquely in 
gold stubs, freeze-fractured, and replicated. The replica 
and the remaining tissue were placed in methanol and trans-
ferred to chloroform for 15 min. The y were then transfe rre d 
through rr.ethanol to •.-Jater, then to Na hypochlorite soln . for 
1 h, and rinsed in water. Then the replicas were transf~rred 
using a loop, onto a carbon-coated gold grid and the gr1.d 
was floated on 50% chromic acid for 3 days. The gold grid 
t.:sually sepd. from the carbon layer and was used to trans-
fer the carbon layer and replica to rinsing water, The clean 
replica and adherent carbon layer were fina lly collected on 
either the original gold gri.d or a Formvar-coated grid 
AN EVALUATION OF METHODS FOR PREPARING EASILY DAMAGED CUTIC-
ULAR SURFACES OF PLANTS FOR SCANNING ELECTRON MICROSCOPY. 
Eveling OW, McCall RD. 1983. Journal of Microscopy 129, 
Pt. 2, 113-122. (School of Life Sciences, Ulster Porytech. 
Shore Rd., Newtownabbey, Co. Antrim, Northern Ireland 
BT37 OQB) 
Techniques were tested co ascertain the best method for 
preparing the surfaces of delicate plant cut icles for micro-
scopic examn. at mag. not exceeding 10,000. Using SEM, com-
parative examns . were made of cuticles of fresh material, 
ambient dried, freeze dried, critical-point dri.ed, and 
frozen material kept at low temp. Micrographs were compared 
with material examd. using LM which acted as a control at 
low mag. Cuticles of the leaves of runner bean, Coleus, and 
the petals of Nicotiana, showed best surface preservation 
=~~m~~a~~ ~~~~~;~!g~~e[ c~~~~~~ht h!~~3 ~t T~~w R~;~t · Mi~~~-
scopical Society] 
IMIDAZOLE-BUFFERED OSMIUM TETROXIDE: AN EXCELLENT STAIN FOR 
VISUALIZATION OF LIPIDS IN TRANSMISSION ELECTRON MICROSCOPY. 
Angermiiller S, Fahimi HD. 1982. Hi.stochemical Journal 14, 
823-835. (Dept. Anatomy, li Division, Univ. of Heidelbir'g, 
6900 Heidelberg, Gennany) 
Tissues were fixed with glutara ldehyde and postfixed with 
Os04·imida:wl.e and the appearance of lipi.d droplets was com-
pared with that after postfixation in unbuffered aq. Os04 
or an Os04 soln. buffered othen.>ise. Prominent electron-
opaque s taining of lipid droplets and of lipoprotein parti-
cles was noted after postfixation with 2'4 Os04-imidazole, 
pH 7. 5, for 30 min. Test spots on filter paper revealed that 
unsatd. fatty acids, particularly linolenic and linolei.c 
acids reacted more intensely with Os04-imidazole than with 
aq. Os04.[Copyright 1982, Chapman and Hall Ltd.] 
A SCANNING ULTRASTRUCTURAL HISTOCHEMICAL PROCEDURE FOR 
THE LOCALIZATION OF POLYSACCHARIDE. 
Flegler SL. 1982. Mycologia J.!!.(2), 348-351. (Center 
Electron Optics, Pesticide Res. Center, Michigan State 
Univ. East Lansing, MI 48824, U.S.A.) 
Basidi.ocarps of Sphaerobolus stellatus were fixed at 4°C 
for 2 h in 4'4 glutaraldehyde and postfixed for 2 h in 17. 
osmium tetroxide (pH 7. 2) Following a 15 min rinse in a 
0.1 H Na cacodylate buffer (pH 7.2), the samples were 
treated with 1% periodic acid for 45 min, rinsed in 2 
changes of water for 10 min each, placed in 1% thiosemi-
carbazide in 10% acetic acid for 10 min, rinsed in 2 
changes of 10% aceti.c acid (10 min each), rinsed in water 
{5 min), stained in 17. silver proteinate in the dark (30 
min), and rinsed in water (2 x 5 min). The samples were 
mounted on C planchets using C cement and were examined 
by SEM using a dual annular photolithographic disc back -
scattered electron detector. Polysaccharides in the ba-
sidiocarps were clearly visible using backscattered elec-
tron imaging and wavelength di.spersive X-ray analysis con-
firmed that the light areas were due to silver deposits. 
A METHOD FOR STUDYING THE THREE-DIMENSIONAL ORGANIZATION 
OF CYTOSKELETAL ELEMENTS OF CELLS; IMPROVEMENTS IN THE 
POLYETHYLENE GLYCOL TECHNIQUE. 
Nagele RG, Reisen FJ, Lee H. 1983. Journal of Microscopy 
L29, P.t. 2, 179-184. (Dept. Anatomy, UMDNJ-Rutgers Med. 
Scilool, Piscataway, NJ 08854, U.S.A.). 
A method utilizing poLyethylene glycol (PEG) as an ex-
tractable embedment for EM is described. Tissues are fixed 
according to conventional protocoLs, embedded in PEG. and 
sectioned. Sections (ranging from 100 to 500 nm in thick-
ness) are mounted on grids, divested of their PEG matrix, 
criticaL-point-dried, and examinated stereoscopicaLly. This 
method greatly facilitates studies on the )-dimensional 
orgam.zat1.on of cytoskeletal and cytoplasmic cont ractile 
systems in both muscle and nonmuscle cells [Copynght 1983 
The Royal Microscopical Society]. 
fHSCELLANEOUS 
OSMOTIC RESPONSE IN INDIVIDUAL CELLS DURING FREEZING I. 
EXPERIMENTAL VOLUME MEASUREMENTS. 
Schwart z GJ, Diller KR. 1983. Cryobiology 20(1), 61-77 . 
(Dept. Mech. Eng., Bio-Heat Transfer Lab. ,"'""B'iomed. Eng. 
Center, The Univ. of Texas, Austin, TX 78712, U.S.A.) 
The osmotic response of yeast to freezing was measured as a 
function of cooling rate and degree of extracellular super-
cool ing using a cryomicroscope. Incremental size changes 
of individual cells were recorded photographically and the 
corresponding vol. variations were measured using a digital 
computer image analysis algorithm. 
THE MORPHOLOGY OF ICE IN FROZEN FOODS 
Bomben JL. 1982. Dissertation Abstracts International, 842 
(12), 4870: Order No. DA 82ll864. 200 pp. (Univ. of Calr:-
fornia, Berkeley, CA, U.S.A.) 
The morphol . of ice was observed 'Nith a cold-stage SEM in 
apple tissue and sucrose solns. that had been frozen at 
precis ely t:~easured freezing rates . The velocity of the freez-
ing front, the temp. g radient through the frozen portion of 
the sample, and the cooling rate during solidification were 
measured with a differential thermocouple technique. The va-
rious methods of expressing free z ing rates were compared, 
and it •.-Jas found that: t he cooling rate dur i ng solidificat io n 
was the most reliable and useful variable for analyzing ice 
morphol. data obtained at typical food freezing rates. Cal-
culation of the water transport in cells of apple parenchyma 
tissue predicted a transition from intracellular to extra-
cellular f reezing at about a cooling rate of 1 K/ min, which 
was confi.rmed experimentally. The spacing of intracellular 
and extracellular ice dendrites correlated with the inverse 
square root of the cooling rate. as was predicted by a simp-
lified model of mass transport in the interdendritic soln. 
As a first approximation of the intracellular freezing of a 
plant cell, calcns. were carried out for radially symmetric-
al ice growth in a sucrose-water soln. in which the diffu-
sion coeff. was variable. 
ELECTRON MICROSCOPY OF FROZEN WATER AND AQUEOUS SOLUTIONS . 
Dubochet J, Lepault J, Freeman R, Berriman JA, Homo J - C. 
1982. Journal of Microscopy 128, Pt. 3, 219-237. (Europ . 
t-:ol. Biol. Lab., Box l0.2209~eyerhofstrasse l, D-6900 
Heidelberg, FR Germany) 
Thin layers of pure water or aq. solns. · .. ·ere frozen in the 
vitreous state or with the 'Nater phase in the form of hexa-
gonal or cubic crystals, either by using a spray-freezing 
method or by spreading the liquid on alkylamine-treated 
films. The specimens were observed in a conventional and in 
an ST electron microscope at temps . down to 25 K. In general, 
the formation of crystals and segregation of solutes during 
freezing, devitrification and evaporation upon warming 
took place as foreseen by previous X·ray, thermal, optical. 
and EM studies. Electron beam damage appeared in 3 forms : 
the devi trification of vitreous ice; the slow loss of mate-
rial from the specimen at a rate of about l molecule of pure 
~=~:~i!~r f~~e~~s~~ 1~e~~~o~:~g;h~f b~~~~!~~d!n ofo!n~~ · ~~ ~rg. 
possible model for the mechanism of beam damage in aq. solns. 
has been proposed. The structural and thermal properties of 
pure frozen water important for electron microscopy have 
been summarized in an append ix (Copyright 19B2 The Royal 
Microscopical Society]. 
Literature Abs t rae ts 
EFFECT OF SULPHYDRYL AND DISULPHIDE COMPOUNDS ON THE 
FORMATION AND QUALITY OF THERMAL AGGREGATES OF SOYA BEAN 
11S GLOBULIN . 
Yamagi s hi T, Yamauchi F, Shibasaki K. 1982 . Journal of 
t he Science o f Food and Agriculture .ll· 1092 -llOO. ( Dep t. 
Food Chern . , Fa c . Agricult. , Tohoku Univ., Sendai 98 0 , J apan ) 
The precipitate (thermal aggregates) formed in t he presence 
o f sul f hydr y l compounds >0 . 01 M [ B-mercaptoethanol ( ME). 
g lutathione (reduced form) (GSH) , and cysteine (o x i dized 
f orm) (Cys)] consisted of a basic monomer subunit and oligo-
merized subunits but did not contain polymerized subunits . 
The content of the basic subunits in the precipitate in-
creased with increasing concentrations of sulfhydryl com-
pounds, and on addition of 0.5 M ME reached a level of 901. 
or more of the precipitate . The time course of the forma-
tion of the basic monomer subunits and o ligomerized sub-
units showed that the basic monomer subunits tended to be 
precipitated at the initia l stages of heating . This was 
followed by the formation of oligomerized subunits. Heating 
an US globulin solution containing SH-compounds accelerat· 
ed the precipitation reaction . However, this did not pro-
duce a high degree of polymerization due to SH-SS inter-
change. An SEM image of thermal aggregation induced in the 
absence of any SH compound showed, ho...,ever, that polymeri-
zation has a major role in the formation o f a network 
structure. The mechanism of oligomer and polymer formation 
is discussed . (Copyright 1982 Society of Chemical Industry, 
0022-5142 / 82 / 1100-1092 $02. 00) 
TiCNICAS DE PREPARACI6N DE SECCIONES PARA EL ESTUOIO POR 
MICROSCOP!A 0PTICA DE LA ESTRUCTURA DE LA MASA PANARIA Y 
~~~di~ · 0 ~ p~~~:~a;~~n b~:;~o~!c~~~n~1~ical microscopy 
BarberS, Tortosa E, Martinez-Anaya MA, Ortola C. 1982. 
Revista de Agroqui.mica y Tecnologi.a de Alimentos 22 ( 2 ) , 
203-224. (Inst. Agroquim. Tecnol. de Alimentos (CS'!C), 
Jaime Rog ll, Valencia-10, Spain) 
A rev i ew covering the sampling of dough and bread for LM, 
fixation (cryofixation and/or chemi cal fixation with glu · 
taraldehyde and osmium tetroxide), dehydration, embedding, 
sectioning, and staining (proteins, starch, lipids, an d 
yeast cells). 
EINSATZM6GLI CHKEITEN DER ELEKTRONEC'J HI KROSKOPlE I~ DER 
LE BENSM ITiE LF'ORS CHUNG . [App l i ca b ility of elect r on micro -
scopy to f ood :::-esearch] 
Schnee1 .. :eiss R, Pulz 0. 1982. Die LebensF.Iittel Indust.rie 
29(9). 385 - 389. (l n st f. Ge t r eide v e rarbeitung der DDR. 
Sergholz - Rehbri.icke. German Democ r a t ic Republic) 
A re view on the applic a tions of S E~ and TE:-t to iood 
res e a r ch with a sp ecia l respec t t o the wo r k carried out a t 
the Institute for \o;l\e a t Pro ce ssing in the GDR 
~~;~ 4 Ai~T~~D~~Tii~~~ic~-itG~~i~~~S ~ N LEAVES OF C3 , C4 , A.~D 
OPTIMIZATION OF TEXTURAL AND MORPHOLOGICAL PROPERTIES OF 
A SOY -GELATIN MOZZARELLA CHEESE ANALOG . 
Yang CST, Taranto MV , Cheryan M. 1983. Journal of Food 
Processing and Preservation 1, 41-64 . (Univ . of tllino i s, 
Dept. Food Sci., Dairy Manufact. Bldg . 1302 w. Pennsyl-
vania Ave., Urbana, IL 61801, U.S . A. ) 
Imitation Mozzarella cheese was made using soy isolate 
and gelatin as the protein source instead of caseinate , 
and its textura l and ultrastructural properties were stu-
died. Of all the hyd r ocolloids evaluated, GFS g um (a mix-
t":lre of xanthan , locust bean, and guar gum) was fo und to 
g1.ve the best textural properties and melting quality to 
the analog. Optimum processing conditions were 5 min each 
of dry blending and ...,et blending of ing redients at 80°C. 
Studies done on the effect of heat treatment (time/tem-
perature of processing) and addition of mercaptoethano l, 
urea, and emulsifiers suggest that hydrogen bonds, di-
sulfide bonds, and hydrophobic i nteract ions ap pear to be 
involved in stabilizing the gel. Processing and ingredient 
combina tions are flexible and could be applied to manufac-
ture of many other imitation cheeses . 14 SEM lilicrograph:;. 
(Copyright 1983 by Food a nd Nutrition Press, Inc., West -
port, Connecticut, U.S.A. ) . 
RELATIONSHIP BET'JEEN EARLY FRUIT GROWTH AND HARVEST FRUIT 
QUALITY IN SATSUMA MANDARtN. 
Iwagaki I, Kato Y. 1982. Journal of t he Japanese Society 
of Horticultural Science 51, 263·269 . ( Okitsu Branch, 
Fruit Tree Res . Station, ~itsu, Shimizu, Shizuoka 424 - 02. 
Japan) 
Early fruit gro...,th was studied in relation to the final 
fruit quality in Satsuma mandarin (Citrus unshiu Marc.). 
Microscopic observations were carrredOi:i'tOiltfie develop -
ment of juice sacs in the locules. 
EFFECTS OF THE RATE OF HEATING ON THE QUALITY OF CUSTARD 
PUDDING. 
Fuse S. 1983. Journal of Home Economics of Japan 34, 53 -
57. (Sendai Shirayuri Coll., Sendai Miyagi, Japan). 
Microstructure of pudding was of favourable quali ty ir-
respective of the rate of heating at: which the puddings 
were made. However, larger air bubbles were found in the 
inter~or of the pudding prepared at a high heating rat:e 
than l.n the pudding prepared at the low heating rate. 
CHARACTERIZATION OF FOAM- AND EMULSION-STABILIZING 
FUNCTIONS OF ENZYMATICALLY MODIFIED PROTEINS WITH 
SURFACTANCY. 
Watanabe M, Fujii N, Arai S . 1982. Agricultural and Bio-
logical Chemistry 46 ( 6), 1587-1592. ( Dept. Agric . Chern., 
Univ. of Tokyo, Buril(yo·ku, Tokyo , ll3, Japan) 
A papain · catalyzed reaction i nvolving covalent incorpora-
tion of L- leucine n-alkyl est:er is available for the pro -
duction of enzymatically modified protein ( EMP) with 
surfactancy. Foams and emulsions containing EMP were ex-
amined under a microscope and the findings were compared 
with the me a- surements of whippabilit y and foam st:abilit:y. 
SCALD PEELING OF SWEET POTATOES AND TAROES IN HOT CALCIUM 
CHLORIDE SOLUTION Aki n DE, Wilson J R, Wi n dham WR. 1983. Cr op Science 23(1), 
147 -1 55 (Rich a r d B. Russell Ag ri c. Res. Ctr , U.S.l5ept of Watanabe A, SabaT, Ohtani T, Yasui A. 1983. Nippon Shoku-
Ag r icul t u r e , A.R . S Athens, GA 30613 . U.S.A.) hin Kogyo Gakkaishi 30, 1-7. (Natl. Food Res. Inst. Ya-
De g ra dat ion of s pec. tissues within t he p ho t osy n thet i c t ype s tabe, Tsukuba, IbaraiT 305. Japan) 
and t he ind iv i dual species of Panicum in ca tt le rumen was Scald treatment by submerging in a hot ca lcium chloride 
s tudie d u s ing LM and SEH -- solut ion was used to peel sweet potatoes and t aroes; this 
treatment was demonstrated to be effective in t erms of 
peeling yield and quality. The cross sectional distribu-
tion of Ca was determined in the peel layer using an X-ray 
UL' TRASTRUKTURA MYSHECHNOI TKANI KARP A I SALAK I PRI 
ZAMO RAZHIVANII. [Ultrastructure of the muscle tissue in 
carp and Baltic herring during freezing] 
Naletov IA, Naletova IA, Fedyai VV . 1982 . Pishche vaya 
Tekhnologiya 1982, No. 5, 60-65. (Kaf. Anat. i Fiziol. 
Cheloveka i Zll'I'V':", Kaliningradskii Gosud. Univ . , Kalinin-
grad, U.S.S.R.) 
;:~P u~cL~)i~~~e cf~;);~n L i~ ~~~u~~ 1 ~i~r~=~~ 1f~r cyau~~d ¥r min ~al temperatures of - 40°C and - 80°C, respectively, or 
in air at -30"C for 6 h. EM of stained thin sections in-
dicated that fibrillar proteins of the contractile appara-
tus were more resistant to the damage by ice crystal forma-
tion than were cell membranes. The muscle tissue was best 
preserved by freezing at a rate of 5°C/min to -8o•c. 
microanalyzer . Secondary electron images and Ca K cha-
racteristic X-ray images are presented. a 
SCANNING ELECTRON MICROSCOPY OF FREEZE DRIED PROTE IN FOAMS. 
Kitabatake N, Sasak 1 H Dol E 1982 Agricultural and Blo-
logl.cal Chem1.stry 46(11), 2881-2883 (Res Inst Food SCl 
Kyot:o Univ., Uji, lryot:o 611, Japan) 
Ovalbumin, bovine serum albumin, and gelatin fo ams were 
rapidly frozen, freeze-dried, dry-fractured, and examined 
by SEM. The micrographs were compared with LM of the fresh 
foams and t:he "foaming power" (gas volume to liquid volume 
ratio) was evaluated. Air bubbles in stable foams made 
from ovalbumin and serum albumin solutions showed flat, 
smooth, and thin films surroundi ng the air in SEM mic ro-
graphs. 
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FOOD MICROSTRUCTURE will be th e subj ect of a program schedu led during April 15-20 , 1984 at 
th e Adam 's Mark Hotel , in Philndelphia , PA. Two special programs - one on Meat Foods and o ne on Plant 
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Johari o r one of the editors. 
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INSTRUCTIONS TO AUTHORS 
Papers for publication in Food Microstructure can be orfered at 
any time. Papers intended for oral presentation at the Annual Food 
Microstructure meeting in April are due January 15th. Only papers 
acceptable for publication are allowed oral presentation. 
In a letter accompanying the paper, authors must provide names 
and complete addresses of at least four persons competent to review 
their paper. Please note: a. Suggested reviewers must neither be from 
authors current or recent affiliations, nor coworkers; b. preferably 
suggested reviewers should be amongst active researchers in the field 
(e.g., whose work is being extensively referred); and c. Authors are 
neither expected to personally know nor required to contact the sug-
gested reviewers. From the names suggested by the authors and 
SEM's advisors, editors will select the most suitable reviewers ir-
respective of their geographical location. Each paper will be intensely 
reviewed by at least three, and often more, reviewers. 
The initial paper (hereafter referred to as 'paper') should conform 
to these Instructions. However, to be published after reviewing, the 
final manuscript (hereafter referred to as 'manuscript'), must be sub-
mitted on model sheels conforming to the Manuscript Submission 
Guidelines; these guidelines and model sheets (a sample model sheet 
is available on request) will be mailed along with the reviewers' com-
ments. In addition to all the text, the manuscript must also contain 
author's publishable responses to questions raised by the paper's 
reviewers. (See, e.g., discussion wi th reviewers in this issue.) 
Three types of papers can be offered. The authors must indicate 
type of paper and carefully adhere to the applicable definition, since 
the reviewers and editors judge the paper accordingly: 
CONTRIBUTED PAPER: Presents new unpublished findings. 
REVIEW PAPER: Includes an extended literature review and 
complete bibliography, emphasizes author's new unpublished fin-
dings and in an extended discussion puts the topic in proper perspec-
tive. 
TUTORIAL PAPER: Contains an organized comprehensive 
review and bibliography of ALL relevant published material as for a 
teaching lecture. 
INSTRUCTIONS FOR SUBMISSION OF PAPERS 
Type paper in double-spaced format on BV2 x II inch (or similar 
size) paper. A length limit is not imposed on papers. Shorl, but com-
plete, papers are welcome. 
The paper should include title page, abstract, all headings and 
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no more than 50 characters, including spaces between words; names 
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address and phone numbers of the person to contact, and 10 key 
words/phrases suitable for subject index. For review papers the title 
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An Abstract (of 100-250 words) is required for all papers. The 
abstract should be a concise statement of the purpose of the paper and 
of the major results obtained. It must be self-explanatory, and free of 
phrases such as "will be described", "is discussed", "are presented", etc. 
The Introduction to the paper must contain a clear, concise state~ 
ment of the purpose of the paper and the relationship of this paper to 
what is already in the literature. As applicable, a Materials and 
Methods section, with complete specimen preparation information 
must be included so that the work can be duplicated by others. 
Equations should be numbered consecutively, using arabic numer-
als. Each symbol and abbreviation should be defined when first 
used. SI (metric) units must be used. U.S. customary (English) or 
other metric units, if used, must be given in parentheses. 
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scripts in preparation, manuscripts submitted, unpublished experi-
ments, and personal communications, must be excluded from the 
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tion Techniques, in: Advanced Techniques in Biological Electron 
Microscopy, J.K. Koehler (ed.), Springer-Verlag, NY, 35-36. 
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placed together on separate pages. Very important: Use arrows or 
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